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ZIOIOIHEH TI'.X.I1. KAI MONTEAQN ETHN EITIAOT'H KATAAAHAQN
ITEPIOXQN I'TA OIKIETIKH ANAIITYEH, ME I'EQAOI'TKA KPITHPIA,
ZTHN KENTPIKH EYBOIA (EAAAYL)’

A. BAAAAAKH-TIAEZEA', A. AAEEOYAH-AEIBAAITH', . IIAELEAY'

ZYNOWH

Ta tehevtaio OOVLL 0T (WO pag, arohovBmvrag T dtebvi] moartiin ®ow epmelnia yie Budon oot
avanTuEn, mov mpoimofETeL TV VapEn evog ohoxrhnowpuévou ayediaopon, eEetdlovial oL yemhoyirol Tapdyo-
vieg tov emneedlouy v owotiry avdmruEn, Tifevian ®pmjpua pe fdon ta omole aStohoyotvial oL Taodyo-
VIES CUTOL KOL TEAKA EXTIRATOL 1) ROTAANAGT TR JLOS EATOONS YO OLALOTIRY avaTTuEn. 2 napoiod epyaoi
rapovotdletat e pebodohoyic mpooéyywong autol tov Bépatog, mov eqgappdobnxre om Nétw Edpfoue rau
Beoiofnxe oto cuVdLAOUS TOY YaOTOYEU@HMOVY TEOIGVTWY evig IEIT. pe pabnpatixd poviéia.

ABSTRACT

Recent years the strategy of an integrated planning approach in dealing with urban development matters, is
a reality and geology plays a primary role. In this research, geologists need and use new tools and methods.

Geographical Information Systems (G.L.S.) in combination with mathematical models provide support for
decision - makers, producing spatial correlation, analysis and mapping. Using (G.LS.) for site selection and
suitability, involves finding locations that satisfy a set of criteria. The criteria are defined as a set of determinis-
tic rules and new spatial information is produced by using map modeling in cooperation G.L.S.

The presentation concerns to the Central Euboean island and describes four methods for integration G.L.S.
and modeling in site selection suitable for urban development. Details about the two methods were described in
a previous presentation (Alexouli-Livaditi, Valadaki-Plessa,1999). In the previous case methods were applied in
a small area and in a scale of 1:5.000. This case concerns on a large area and were applied in a scale of 1:50.000.

The first method that is illustrated is the simplest one and is based on Boolean operations. Next, the same
method using a weighted procedure is introduced. This is followed by a method using index overlay, where the
input for modeling is multi-class and weighted maps. In the last method that is presented, the model uses fuzzy
membership values.

The first step was to construct a series of maps for the area. Rules and classification were be applied, using
G.1.S. Next, a combination of these maps, according to different models took place. For the area under consid-
eration six factors were examined, the environmental protection, the average surface slope, the seismic hazard
and seismic risk, and the underground water level. A final important constraint was that the selected area should
be into the predefined boundaries.

In first method, supposed that the suitable area should be located so that all of six conditions were satisfied
and was produced a single binary map with two classes. The final binary map is shown in Fig.I.

In the second case, the input maps were binary, as well as each map carried a single weight factor. The map
for the area under consideration is shown in Fig.IL

In the third case, the map classes occurring on each input map were assigned different scores, as well as the
maps themselves receiving different weights as before. Fig. 111 shows the output map.

The last method improved on the linear additive nature of the previous model because scores were ex-
pressed as members of a fuzzy set. Fig. IV shows the output

map for the area under consideration, where scores (as members of a fuzzy set) were combined with the
function of fuzzy algebraic product.

In conclusion, integration G.L.S. with modeling, in a large area and in a small scale produced new spatial

* INTEGRATION G.LS. AND MODELING IN SITE SELECTION SUITABLE FOR URBAN DEVELOPMENT, SATISFYING GEO-
LOGICAL CRITERIA, IN THE CENTRAL EUBOEAN ISLAND (GREECE).
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information and output maps ready to use by urban planners in decision making, Therefore, the four methods
could be applied in large or small areas, and in any scale. The first and the second methods are simple enough.
Using last two methods, the area under consideration was ranked in suitability classes in a more flexible combi-
nation. Notice that in this area (large enough) and for a research in small scale, urban planners utilized the
output map from the second model (input binary maps, using weight factors).

AEZEIE KAEIAIA: [Mokeodopnds oyediaopog, 'ewhoyirn varalnhomra, Fewyoaqurd Zvonjpata [Thnoo-
POOLEV.
KEY WORDS: Urban planning, Site suitability, G.LS., modeling.

I. EIEATQI'H

ZromGS ™S Tapovoug EQYRaing elval 1) TEQOVOTOOT) TN dtadiraoiag Yo v avalijmon g xatahhnhdte-
one BEone yuo owoTert] avamtuiy, eEeTaloviag Toug YEWAOYIROUS TaQAYOVTES HE Baon pua 0e10d atd ®otmijoLa,
eqaopctovrag ta amhototepa poveéha e Boolean zou g Index Overlay avahuvong, vabog zal éva o ovvle-
10 povtého, Grav €xel mponynbei avdaivon rard Fuzzy Logic. Eniong, ota mhaiow tng epyaoiag astohoyouvion
TOL YOOTOYOUPLAG ATOTEAEOPOTA TNE EQUOROYIIS TV HOVIEAWY auTdiV.

H déa yia v avdmruEn g ovyxrexpipévng pebodokoyiag faoiotnre otig eQuEUOYES pe T YOO HOVTE-
Aoy o wapovordtovial axd Bonham-Carter (1994) »ou meotyodgnxe extevig and tovg AheSouii-Aetfadi-
), Buhaddun-TThéooa x.a (1999), xaw doxipdotinxe oty moog owriotixn avdrtugn meployr tov [Tdpto Xehiov.
H napovon eqappoyn agopd oty nepoyy ™me Nénag Evforag mov avarmicoetar oto fopeto tjpc tov N.
EvBoizot Kéhmov, 6ou 1) owrioti] avamruln €xel éva tayfmg avEavopevo oubud xou amauteton va mpotindo-
EeL 0horAQOUEVOS OYEDLAONGE ®aL EXTIUNON TS RaTahnAdThTag TS TEQLOYNS, Umd yEwhoyLxy dmoyn.

H mponyotpevn eqaopoy fitav oe oyxetind peydhn whipaxa (1:5.000), agopoioe ot izt £xtaon Zol o
amotehéopatd S ETuyay AUETNS EQUONOYIE OTOV TOAEOdOWHE OYedLAONS. Me v mapotoa epyaoio doripud-
Cetor ) peBodohoyice OE Pt EXTETAPEVT) TEQLOYT UL YLCL TIC UVAYRES TOLEODOIHROU TYEdATUON PE EMTEMAG
yopoxTiod (khlpaxoa moheodoprray yootov 1:25,000). Ta T.EIL, pe fdon m pebodoroyio avni, maodyouy Ta
TaOUiT e HEDOUEVE VIO TV AVATTUEY TOU HOVTELOV, cuvdudlovag #ut oLOETLOVTUG TIS YWEIXES TANEOYO-
oleg mov €xovy amobnxrevbel o8 dugopetinois ydotes oy yewypagukn Paon dedopévmy, EQEcoy oL TEAEOTES
TOU HOVTEAQU EIVOL JWOIXES TANQOYOPIES.

II. ANAIITYEH MEOGOAOAOI'TAX

H dudinaoio tov arxohovthinxze mepiéhafe (o) epyaoieg avamving IEIL wo axokotthoay () eoyaoi-
€S YEWYRUpLATS avdhvong ral egaopoynis Tov poviéhwy. ITo cuyxreropévea:

o) Emhéynzav oL mpog eEETAON YEWAOYIOL TUOAYOVTES, ®at dnpoveyinray Ta avaloyo yuotoyoupind
enimeda. Emonpaivetat ot ou yewhoyixol mapdyovieg mov eEetdlovial #dbe @opd eEaprdvialr and m Béon
NS TEQLOYNS EQEVVOS %o ol TV #hlpoxa tov €oyov. H whinara mooodiopilel v axgifeia wot m hemtopé-
oew TV oToygelmy. Ia Tyv mapotioa epyaoic, TEOREPEVOL va Tapovalaabel ®ahitepa 1 pebBodokoyia, ee-
Taobnray:

® To meotfulhoviind evOLUQEQOV TEQLOYWYV, TOU

meEmer va eEcpeBoty and my oriotinn avdmatuEn
(Opue NATURA e »h{poaxa 1:50.000).

v yootwy tov ITME, duexpibnray oiugpova pe
Tov I[Twv.2.5 Tov EAK 2000).
H emrwvduvomta and mhnuuioes (MetaEdrog

e H poopgoloyxi »hion (aEomoimon D.EM., arxd 1999, ydpteg 1:25.000).
tomoypagrovg yaptes ILY.E. whipaxac 1:50.000). H emuavéuvém o and goaivopeva aotddeins, wa-
® H oetopu] emRvOuvOTI TR THE TEOLOYS, TUIpOVH Bug xa Ta mpoPhjpata Tov mbavag va dnptovo-
ue rov EAK 2000 (Zyniua 2.2 tov EAK 2000). ynbodv otig Oepehidoels axd v UnapEn v-
e H oeiouxn emuvouvotta tov edagovg, otpgm- dpogbpov 0pLovia, UEIOTOLDVTUS VTAQYOVOES ILE-

va pe tov EAK 2000. (O yewhoyzol oynuatiopol

Aétec.

‘Oha ta gootoyoagrd dedopéva etofybnray oro I'.Z.I1., agot mpdta petagéotnxray oto (1o YEwypugixd
OUOTNUG CVOEOPUS 1oL OF ®htpaxa 1:25.000.

B) Zm ovvéyxela TEBMRa Ta xomjou %ot Yo o ®A0e poviého oplofnxay ou ouvhijres ToU HaVOTOLOTY 1
dev travomoloty pa tporabopopévn pabnuatxn oxéon. To mpwto ®Ewmjelo agood otov vypofidtono g

Apvng Avotog mov ot xdbe mepimtwon TEETeL va pelvel exToc owtomikg avdamtuEng. To delitepo ®otmjolo
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apODOUOE OTIS HOQQPOLOYIRES HAloELg OV draxpibnxray o watyopies Ty avd 5% na Beworjtnray dUOLE-
VE(S OL TEQLOYES PE HOQPOAOYLXY] AioN peyahitepn and 25%. And BifAoyoagpuud otouyeic (Mygahomotihou
1999 xaw MetaEdrog 1999) moorimter 611 onig mepLoyés meol Tg exPorEg Tou Alhavia ToTapo VIAEYEL “IVOL-
VOC TMUPLOGY #att #aitd D€L avapévetar vdpogépog opilovrag oto fdbog Bepehimong. Ot dvopeveig ouvihi-
#eC 0 AUTEC TIC TEPIOYES €moeme va Mgpbody emiong vdym oto oyediaopd. Ta tehevtain ZOIMIOLE APOQOVY
om oelop emrvduvémra. H epevvmBeioa mepoy avijzer oe duo Coveg (nard EAK 2000) ogopunic emvuy-
duvémrag, oty I xaw ot 11, pe TheOVEXTIRGTEQES TIG TEQLOYXES TOU avijrovy oty Lovn L. Zuvemag, rutd Ty
avartoEn Twv poviéhmy, oL TEeLoxEs TS Cavng I, efyav OlapooeTixt fuoumTa amd eXEVES TG Covng I1. Avd-
hoya aviyetwmioOnxay oL TEQLOYES EQEVVAS WG TTQOS TN RATYOQIM TS CELOWAS EMHLYOUVOTITUS TOU EOG-
@ove, zatd EAK 2000. Koifze 61 o1 ouvbhjreg eivar duopeveic oug meployes me namyopiag (X) rat ot houreg
qEELOYES aElohonitnray avakdyos, Dempwviag 6t otig (A) emureaToty dELoTeS oVvihjxeg TOV PELvVOVTIOL
OUYHOLTIAG ROl #OT( OELOG ong howtég ramyopieg (B), (I7) zaw (A).

MET( TOV 0DLGUG TwY HOUTEIWY 1oL To #A0E HOVTELO axohottnoe 0 oyedlaopds mg dradiraoiag eqpaopoyrc
AUTHVY TV ouvinrdv pe my afomoimon tov I.EIT. Téhog, dorpdotnzay ta dudgoea povIEAL #aL apou xoibnxe
10 amotéheop, pe Baon m yewhoyuni hoyuai, moerypatomoufnxe N dradiacic TS THQOVOTHONG TV (AOTHV.

I1.1 Avdivon ue Boolean Aoyixd povréio

To nového me Boolean avdkvong fooiCetal 0To hoyird OUOYETIONGS aOToY dU0 PETUFANTWY TOV TOORU-
TTOVY WS LUOTOYOUPIXG TEOIGV (td TV AELOAGYMON TELEOTMY - #OITNEIWY. ZUUPOVA PE TO HOVTELO auTd, #abe
#OITOLO TUEOVOLALETOL O Yoy duo petafhnrdv. Anhadi, otov ndle yaom darobnray TEQLOYES:

@) 6o avomoleital i tpovndBeon (Conl, Con2... = TRUE) %ot madpvovy my tyai 1 (Con = 1) xan
B) 6mou dev tavomoteitar 1) tpoiimdBeon - ouvthirn (Conl, Con2... = FAULSE) »au naigvouy my Ty 0
(Con = 0).

Tlo TV £QUOPOY] TOU TOWTOU POVIEAOY, VToBETOVIE OTL 1) Ratdhinkn TeQLop] Yo ovaoTuR avATTUED
TEEMEL Vo travomoLel Gha Ta wormjoie xat Tig ouvbnxeg tou I 1.
v I: Hgoiimobsoeig mov mpenet va txavomouel e Béon oo povrédo s Boolean avdlvong.
Table 1:Conditions which must be satisfied by a location, in Boolean logic model.

KPITHPIA TIPOYTIO LYNOHKH
©ELH

1. Hme puoyj moémer va avijxer 0Ty 005 EQEVVA EXTAOT] Conl =1 AND
(Emeidn]j o1 whnoogopies apopovioay o8 neyaivteon £xtaon)

2. Na unv eivar e oy mepifatioviixijc mpooraoiog Con2 =1 AND

3. Na e woogoloyixij xkion < 20% Cond =1 AND

4, Na unv foioxerar oe Eivny oetopxic exevovvotyrag I1 Cond 1 AND

5. Na unv avijxet 08 oxquatioud edaquxs exxwdvvoryras X Con5 =1 AND

6. O wvdoopdos opitovras va un ovvavrdrat oto fdbog twv Con6 =1 AND
Oepedidoewy.

Anhadi, OTg RUTGAANAES TEQLOYES TOETEL VO LXAVOTTOLE(TAL 1) OYEON):
OUTPUT = (Conl AND Con2 AND Con3 AND Con4 AND Con5 AND Con6)

O TehnGe YAOTIE, OV TEOEXMPE CITS TO CUVDUAORG TWV ETL PEQOVE YUQTMV — #QITNOIWY, Elval Evag YGomg
Grov om meotoyr foeuvag daxpiBnxay duo ramyopies, avahdywg £Gv avoToLloUvIaL 1j ) 10 aUvoLO TV
xormolmy %t taoovotdtetar oto Zy.I Mapameeitar 6u 1 néBodog €xel €va amdluto yooormjoa % Oev
EMITOETEL T DLAXOLON TEQLOTGTEPWY £ HEQOVS RATNYOQLDV, ENELDI) DEV EMTOEMEL T QOObNj«N %ATOLOL OU-
vieheo Provmtag ota xoutiowe. Tie 10 A6yo autd pogel v e@aopoletal povo OTIg TEQUTTWOELS TOY Oghou-
JLE VO TOXAELOTONV a6 T0 OEdLOpS GO TEQLOYES SEV trAVOTOLOTY CLYXOGVIE Gha Ta %OLTHOLL. Me fdom
avni T Bedionon omy mapotoo €pevva amopipire TO TEOIGY TOV povTELOU.

I1.2 Movrédo ue Boolean Aoyixif xar ovvreleotés fagvmrag.

Tpqava JE To HovIEho auTiic Mg ramyopliag, otoug ydotes duvo petafiintdv mg hoyuic xard Boolean,
npo0TifevTan ouvteheotés faptmrag, oUpguva e puo Aote Bapdy, avaléyng pe m fagimra Tov vroBbéTon-
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e OTL Exouv ot el pépoug Yaptes duo petafintdy mov ouvidyOnzay pe ) Boolean oy,

Erot, oe ndbe ydapm - zoimjoro d6bnue »at’ extipmon n appolovoa fagitnta (. W1 ... Wn). Kat' avtdy
TOV TPOMO, Yo TUQGdELyjLe, OL TEQLOYES duo PETAfANTedv driov ikavoroieital ) ouvOijun CON1 = TRUE, maip-
vouv v Ty Wiyl = W1, evo) ow megroyég 6mov dev ixavomoteital 1) ovvbijxn maiovouy my tyu Wiy = 0, o
TEQLOYES Omov ttavonoteital 1 ouviinn CON2 = TRUE, raipvouy ™y i W21 = W2 »o o1 tepoyég émov
Oev iavomoteital | ovviixn maiovouy v ynj W230 = 0, z.o.x.

To Tehn6 TPOIGV TPORVITTEL UG TO GOPOLOL TWV ETTL PEQOVE YUOTHV - HOITNOIWY KAl YId, AGYOUS RAVOVIHO-
TOMONE, 10 AroTEAEOO cuTO drenpeitan dud Tov abpoiopatog Twv ouvieheatdv fapumrac. Anhadi yua #dbe
Oéam woyiieL v oygon:

To yoproypupind arotéAeopa g Sladiaoiug aumic, ot £YIVE 1) DLAXOLON TWV XUTNYOOLWY, OOV
Cetan oto Zy. 11, émov diaxpivovial meploy€g mov wavormoloiv ahjpws T mpoinobéoeis, meployéc mov t-
HOUVOTOLOUY HEQLRIE %L TEQLOYES OV rohimTovy eAdytota 1 #abdhov ta xomijou (Tepovaldlovat pe -
00). 1t OeliTeQEN oL OTNV TEAEVTAlN ®UT YOOIt ROTATAYBN*aY Ol £xTG0ELS TOU OUVOVGLOVY TEOIOOBTEDES TS

(Wl*Conl + W2*Con2 + W3*Con3 + W4*Cond4 + W5*Con5 + W6*Con6)
SUMW

OUTPUT =

e duopevels ouvbireg yia ovaotixnn avdarmgr. To poviého autd, ouyxOWOIEVO pE To mEONYOUNEVO, (TS
Boolean avdivong), £dwoe peyuiitepeg duvatdmreg yia mo gvéhuteg mpooeyyiosic, Emonuaiveral dpwme, ot
M 6tuxglm] e eEetaldpevng extaong o nhdoels, €yive Votepa amd T doxipn StapopeTingv ouvduaopmy
TaEvopunong, ov eEapTHVIaL ard TO EU00S TV TGV, TNV CoLBEINTA] ROTAVOUT TOUS %at TV %aTavopr] Toug
070 YO, #aBig ®a 06 To avTiAE(LevD Tov emdudyBnre va mpoPinBei. (Biggs, de Ville, Suen 1991). H emmi-
pavon aunj LgUEL ®OL YL TO TEOTOVTN TWV ETOREVOV LOVTEL®Y, 6o doxipdobnxay enlong dudgopot Todmol
OLAROLONG TWV RATNYOOUDY RorahhnhdmTag.

I1.3 Movtédo ue ovvredeorés fapvmyrag oe ydotes pue modiés perafinreés.

Ta yaproypagurd enimeda (layers) €xovv tomohoyia xaw cuvodevovian and mivaxeg ot Bdom Aedopévay
TOU TEQPLEYOUV OAES TLS TANOOQPOQIES OYETIHA UE TLG TAEELS %OLL TLS KUTYOOLES THV SLAPGRMV YUOURTNOLOTIAWDV.
Ze ndbe o and autég g ramyopies 660nxe Evag ovvieheomic fapimrag, 08 pa ®hipaxo. v nagovoo
eQaEpoY T oyeTnd nedic ovopdodnxray RECORI, RECOR2, RECOR3 %.A.1., %o 0ay TadSetypo. avagépou-
pe O6n 1o medio ov apopd otig popokoyires xhioels (RECOR3) mijoe Tic LS mov mapovotdlovial atov
[Twv.2 Ou zamyopleg mov mpéner va eEawpeBoiv (m.y. mepiparhoviivd mpootatevtaies), maipvouy tpée (-1),
TOU LOODVVOUOTY UE 1] OVERTES TULES.

Hw.2: Hapddetyua mivaxa oty yewypaguxi Pdon dedousvor.
Table 2: An example of an attribute table in the geographical database.

ZUpgova pe To HoVTERo, oL el pépoug ydoteg ouoyetioBnxray, ottmg wote, ®dBe onuelo Tou Telro mooi-

6vrog mijge T pe fdom to ovvieheon BuolTnTag Tou GO ROL TO OUVTEAEOT] BUQUTITAC TNS RO YOQINS, %at

SLOPE CODE RECORD3 FUZZY
IMoipver npég: Maipvel Tipée: [Maiover tpés:
1. T uwj 0-5 % 7, yw SLOPE-CODE =1 1.00, vy SLOPE - CODE= 1
2. Ty 5-10 % 6, ywe SLOPE-CODE =2 0.75, ywx SLOPE -CODE =2
3. TNy 10-15 % 5, yw SLOPE -CODE =3 0. 50, ywx SLOPE -CODE=3
4. Ty 15-20 % 4, ywe SLOPE-CODE =4 0.25, yw SLOPE -CODE =4
5. Ty > 20 % 2, yia SLOPE - CODE =5 0.00, ywx SLOPE -CODE =5

yiee Ayoug xavovirkomoinong o arotéheoua avtd drapgnxre S tov aubpoiopatog Twv ouvteheotdv Puoi-
TOG.

Zuvenag yia 1o tehrd mpoidv (OUTPUT), yua #GBe Béan, woyier n oyéon:

Omov SUMW, 7o dfgotopa tov ovvieheotdy Bagimrag. Kat' autdy tov 10670 #de tohtywvo tou teht-
%ot mpoidvrog (OUTPUT) matpvet Ty amd v mapaadve oyéan.

(W1xRECOR1) + (W2XRECOR2) +.... .+ (W5XRECOR5) + (W5XRECORS)

PUT =
Sl SUMW

Zmy magovoa eqaguoyr duuxpiBnray TE00EQLS o YOD(ES e Ao TV WWoXaTUvOw] Tov Aol Twv
otoyyelwy Tov AnBuopon xu to amotéheopa gaivetar oto y. 111 Mapamotpe 6t 1 pebodoloyin T index
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overlay avdhvong O GOTES e TOMES peTafAnTé, eTéTpee T OLAXOLOT TWVY TEQLOYWV TTOV LE TO TTPONYOVILE-
VO HOVTERO YoM Olotn Ay ¢ GOLOTEG 1j PETOLES, OE heTopepEoTees Luves. ZUVETMS TO LOVIERD (UTO DivEL
) DuveTOTITC PLeg AETTONEQEOTEQNS DIAXQLONG TWV TEQLOXWY PE AT Ta ©OLITOI TOU éOnray €€ apyrc.

I1.4 Avdmrvén povrédov perd and fuzzy logic emekegyaoia,

To feornd petovértua Tov index overlay pOVIEAWY €ival 0 YOUUUXGS TOGTOS UE TOV omoto afgoiCovral o
nooimoféoeic. Avté progel va Eemepaoel pe my egaopoy mg hoyiig fuzzy otov vrohoytopd twv Tpav. To
#GBe péhog pag opddag fuzzy orowyelwy, expodleton ot puo ®hipaxa ouveyr, 6Tou To ThjeEg nELOg ExEL TV
Ty 1, 10 un péhog €xer my T 0 wow o vdhowto pERN xvotivial O £va £UQ0g TLHGY, OV nepthappavel 6heg
1g evdidpeoeg THES, Dewpdviag 6Tt 1) xatavow eivar opotdpoogn. Ioaxtxd, oto oyetixd medio (field) mg
yewypougiric Baons Aedopéviv moootifeviat oL THLES TOU TQORVITTOVY and ) fuzzy hoyurn. Na mapdderypo
ot Tyiéc ou dhnrav oto wedio (ne o Svopa FUZZY3) ov agoed oTis HoQpohoyIHEs xhiOEIC d6Emray ot
Tpég wou magovordovral orov IMv.2.

St ovvéyela ol el pépovg ydptec ovvdudlovrar petaEl toug, pe dudgpopes pedddous ToorepEvOL Vi
avamruyBel Eva poviého e fdaon to omoio Ba yiver 1) xardragy Twv eEeTalopevmy TEQLoXMV. ATLS TIS TQOTELVS-
pevec peBodoloylec (Zimmerman, 1985) avdmrvEng povréhov emheybnze yio magovoinon (Zy. IV) 10 amoté-
heopa Tou fuzzy ahyePourot yivopgvou (fuzzy algebraic product), zatd 10 omofo 10 anOTEAECNA TOU ouvdua-
ouot Tov fuzzy Ty Suo 1j TEQLOOOTERMV XAQTWV TEIVEL CUVEYUIS TOOS IHQOTEQES TULES (IO TOL QYA WEM.
Mo Tooddeypa to ahyefors ywopevo dvo pehdv pe rpég (0.75, 0.25) eivon 0,1875. Kard o HOVIELD QUTo
%GB PELOC ETNOEGLEL TO TEMAG AmOTEAEOUA, GO0 puor] T %ot av €xet. O ydomg Tov Xy. IV mapovodle pe
PEYCAGTEON AETTOREQELH TIC RATNYORIES ATl TIg ®omés ouvBrines oug doloteg wau fonbd otov o EVEALKTO HOiL
0000hOYIRG OYEDIOONG.

SUYHOIVOVTOS TC YOQTOYOUPIAG TQOIOVTR TWV TOIDY TEAEVTaimY poviEhav, damotatnre Gt yie g avd-
YHEC EVOC OLOXANQWUEVOD ETUTEMKOU OYELOGUOT YLot TV OLKLOTIRT avamTuEn mg meQLoYlis EpEuVaG, Ta ROh-
TEQU (LTOTELEOUATO, TIOOEXNPAY GG TNV EPUOROYY TOU SEVTEQOV HOVIEAOU, DIGTL TO YAQTOYRAPIXG TQOIGV OV
noogxpe ané my dadmaoio auni, Sev yavoTay oTig AeTTOpPERELES TV dUo tehevtaimv povréhwv, H hemtope-
0E0TEON DLAXOLON TWV XaTnyopLv dev fonfd Tov Toheoddpo ot €va emTeMxS oYedLIONG, WoTE va BEEL, e ™
OELOG TO, T0L BIXA TOU ROITHOLK TTOU (pOQOTY OTOVS TOAEOBOIHOUS TUQAYOVTES AL V&L EQUOPGUEL AVTIOTOLY(
HOVTELM.

I1I. ZXOAIA KAI EYMIIEPALMATA

1. Sto mhaiow me Sieetivong T *aTahlhoTTag pag TEELoys yio Budotm ovkiotix avamtugn, arortel-
o 1) ouveEETaom GAmV TV TaQoySvImy, Tov Ty exneedlovy xau n tomobEmon roumeiny yue my OudroLon
e neoloyrc ot Loveg duagopetinot Pabdpov xararnhémrag. O YGOTES TOV TPOXVTTOVY and avni ™
Sradiraoic amoTehovv onpuevTird epyaheio Yo ™ Mjym amogdoemy kot Tov emTelxd oxedaops. Méoa oe
AuTd T ThaloLa 1) EEETRON TWV YEWAOYIHOY TOyOVIWY ROTEXEL TOWTEVOUOH BECN %O OL YEWETLOTIHOVES
rohotvrar va Boovy véee pneBodohoylec mov va emeEepydlovian ot va duayepitovral, 08 prps YEoVire
Suaomua, o peydho mhifog Tmv TANEOPOLHY, va Tig ouvdudLouy xal va Tig OUOYETICOVY GELOTOLIVIAG TO
TOOTEQNILATAL TTOV TUPEKOVV OL VEES TEXVOROYIES.

2. Ta T.E.IL 08 ouvOURORS e HOVTELG YONOLHOTOLOTVTOL YLt T DLGAQLOY TEQLOYWDV OF KUTIYOQIES WS OGS T
yewhoyua| raTadnhGTTd TOS, Yiat oot avamtuEn. Ot zamyopies diaxpivovial avahoyns Tou aptBpon
TOV TUOUYGVIWVY Tov EEETALOVIOL, TV XOUTNOIMV OV IXAVOTOLOTVIOL ®ail avohGYmS TS Bapimrag o
£youv T rormijpta avtd, O TEPLoYES Tov FOQUHTNEICOVTOL WG GOLOTES LXAVOTOLOUV TO oivoRo TWV TEOTTo-
Béaemy mov TIOEVTAL, EVGH 0L TEOLOXES OV YopoxrTELovTaL 6T £X0VY UXES CUVOTHES LRAVOTIOLOTY Xapia 1j
eMdyLoTec o6 Tig ooimoBEoELs mov TibevIan ayukd. EvOiagépov emioms magovotdLouvy xat ot eviLdpeoEg
®orTYopies Tov mpofdhhovran xahitepa drav egappdtoviat poviéha ov divovy mo EVEMATA TOOTOVICL.

3. Zmv napovoiaon avagéptnxay arrhd %at o ouvieTa povIEra, Tov £xouv EQUONOYT] OF AVALOYES TEQL-
ThoELe, avalitone me xararnidreons Béong. H emthoy Tov xatalAnhotegov povréhov eEaprdtat o6
10 ononé wov Ofher va eSummoenioet. TTaviwg, 6wg ToErMpE atd Ty Tapovon EQEUVE, Ta To OUVBETH
HOVTEAQ E(VOL TTO TQOCUQEROOTIXG XaL divouy T duvatdmTa Mg ddxELOTS TOV YWEOL TE TEQLOOGTEQES
ROTYOOIES, HE TV TEODTGHEON Gpmg GTL VIGOYEL TOMS ®aki] YV(ION TwV EX HEQOUS TAQUYSVTWV.

4. H avdmruen mg pebodoroyiug oe pia extetapévn meouoy, v emrehinn diepetvnon mg rorahnhdmnag
¢ TOOE TS YEWAOYIRES ouvBijres, €5m0E EI00V (HAVOTOMTIXG OTOTEAEONATA PE EXEIVQL TTOV elyay TaQov-
aweobel oe moonyoupevn avaxoivwon (Aetpadim-AkeEothn, Bahaddun-IThéooa,1999) nal agopovoay e
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WAOOTEQT TEQLOYT] HOL UEYUAUTEQY AETTOPEQELX. ZTNV TUQOUON TEQUTTWON ORWS, TO XUAMITEQM CTOTEAE-
OPOTO TQOEXMPAV AT TV EQEUOYT TG OetTepng peBddov. Ta yaoToypugLXG TEOIGVTH TmV To CUvDETWY
povréhwv odiiynoay oe dudxpLon mg TepLoyrs £pevvag of oAl Aemtopepeic Lovee xataiinAdTtag, mou
dev Ponbovoay my emteknr Oewonon, 1) ool vayoEEVGTaY ad TV mokeodou xhipoxa (1:25.000).
Eva oty mponyoipevn nepimrmon eiye emheyel yi alomoinon otov oreodopird oyediaopd 1o Toidy
TOU TETAQTOU HOVIEAOV 7OV €Dive peyulitepn hemropépeia, rafdoov N xhipaxa tokeodounone fray 1:5.000,

5. Emiong, evdiuagpepov mupovotdlet o 1pémog mov Bu ywoiobel o8 #AATEIS-RATNYORIES TO YUOTOYOUPIRG TOO-
i6v 1ov povréhov. Oa yeeraobel va avalnmBel v zatahinioteon uébodog mpoxeLévon v mpofinoiv ot
evdiagpépovoeg Béoeig, eite va Toviobotv oL tepLoyEg mov auyrevipmvouy Tig eAdylate mpoimobéaeic. TIpé-
TEL GRS OUYXOGVINE VUL THEOVOLACOVTUL ®at Ol EVOLGUETES TEQLOYES KUTA TOOTO OV VoL EMUTOETEL T1) OLdi-
%OLOM TOUG U8 RaTYOPIES, WOTE va divetal peyakitepn evelEia otov emrelind oxediaous.

6. Téhog emonpaivovral oL %ivOuvoL amd ) ¥O1oN HOVIEAY, £GV dEV AELOAOYOUVTOL TOUTC OUIEPOVE |LE TV
emmompovir hoyiri. H avdrmin twv poviéhov mpémen va yivetan xatd mhjowng eheyySpevo to6mo vad ty
rubodynon xat aElohGynom eV 0T0 YVIOTIXG CVTIXEIREVO EMOTUOVOY.
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SUITABILITY FOR URBAN DEVELOPMENT
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EKTIMHEH KATAAAHADTHTAZ ME XPHIH TYNTEAEZTON BAPYTHTAZ IE XAPTEL AYO METABAHTON
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YIIOT'EIEX KATAXKEYEL TOY YAPOHAEKTPIKOY EPT'OY METEZOBITIKOY -
EMIIEIPIEL AIIO TO EXEAIAXMO KAI THN YAOIIOIHXH TOY"

K. KAPAIIANTEAAKHEI, £. PAYTOIIOYAOX, X. MINOIIETPOX'

LZYNOWH

To YHE METZOBITIKOY zataoxevdletal oty ®othddao ToU Opavupon TOTURo, OT0 TEXTOVIXG naodbu-
po Xopvoofitoog - [Tepiotepiov. To aivoro Twv EXTETAPEVOV VTOYELWV RATAOHEVWY TOV "Epyou eivar tomobe-
muévo otov avtdybovo phioyn e eowtepriis Ioviag Lovne. O ghioyns eivar xat’ eEoyjv Inhitindg, mepthap-
Baver GUmS ZolL EXTETUREVOVS PUAOTS YOAUOGV AOTOWTWY ROOXAAOTAYWHV HECW OTC OO0 RUTUTREVATON Y 1]
TOOREITOL VO RaTaorevaoboty onpavurd vnoyewe Eoya. H aotdbewa twv mpavev, mov ouviotatal 2uping o
AWVITLHOTITO TOV VARGV TS TERTOVIXS Tivng g fdomg Tov emwbnuévou rahippatog, 1 Mbokoyic Tou gphioy
RO 1] RATOTGVION TV CUOTIOUOY (6 T ONUOVTIAE TEXTOVIRG YEYOVOTa ey To ®ipla mpofijpata mov
CVTILETOTLOE 1) HEAETY) HOL 1) ROTAOKEVT].

SUMMARY

Metsovitikos Hydro-electric Project is currently under construction in the homonymous riverbed. It is situ-
ated in the Chrysovitsa — Peristeri tectonic window, near the western border of the big overthrust of Pindos zone.
It is a small project with 2SMW fixed power and 60GWh annual output. However, the underground works go to
a significant extent, comprising about Skm of water tunnels, 500m of road tunnels, 120m of surge tank, under-
ground powerhouse and a downstream surge tank chamber. Up to date 4km of water tunnels and 400m of road
tunnels have already been constructed, all of them in the autochthonous flysch formation of the inner Ionian
zone.

The flysch formation, that has a clayey character, comprises siltstones with thin-bedded sandstones. Inter-
bedded in the lithological sequence are isolated zones of thick-bedded sandstones as well as lenses of massive
conglomerates, discordant to the other flysch formation. The siltstones have high content of swelling argillaceous
materials (approximately 20%) and very often are highly tectonised. The conglomerates are loosely cemented
with a matrix of silty sand and are hardly tectonised.The choice of the position of the underground works was
extremely difficult since they had to go as far as possible from the area affected because of Pindos zone over-
thrust. Significant difficulties were met during the compilation of the longitudinal geological section and gener-
ally for the prognosis of the existing geological conditions since the conglomerates and the sandstones are not
consistently developed and wedging is appeared towards edgeways.The longitudinal geological section and the
geological prognosis of the design were verified to a satisfactory degree. The behaviour of the distinct lithological
formations during the excavation process was briefly as follows; Siltstones; Small advance (<1.5m), need for
immediate support, combining steel sets and bolts. The behaviour of the formation deteriorates significantly
due to humidity and tectonism. Conglomerates; Large advance, ease to implement the design excavation lines,
limited and no immediate need for primary support implementation. Sandstones; The orientation of bedding is
decisive for the stability. Unfavorable bedding orientation leads to significant overbreak on the roof and assists
to the creation of unexpected excavation lines. Favourable bedding orientation results to a behaviour similar to
that of the conglomerate formation.'

Two important issues came up during the construction:

a. The deformations on the vertical walls of the supported tunnel section which occurred some weeks or even
months after the primary support completion. The swelling of the siltly rock mass is probably responsible for
these deformations. That situation was confronted with the application of additional bolts.

b. The roof collapsed along a section of 8m length of the access tunnel, which occurred three months after the
excavation, in the conglomerate formation, within a zone of highly weathered and tectonised rock. The main

* UNDERGROUND WORKS OF THE METSOVITIKOS HYDROELECTRIC PROJECT - EXPERIENCE FROM DESIGN AND

CONSTRUCTION
1. F'ewhéyor AEH (Alvon AvanrEne Ydponhexntowov "Epyov [ Topéag Mewhoyiog. Aynothdou 56-58 Abjva.
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causes of that collapse were the hydrostatic loads due to the clogging of the installed drainage pipes as well
as the insufficient and poorly constructed support.

1. TO YAPOHAEKTPIKO EPI'O METZOBITIKOY

To YHE Metoofitxov xaraorevdletal otov motapd Metoofitixo, tapandtapo tov Apaybov.

Evepyeiand 1o "Epyo elvan juxpopeoalo, pe eyrareompevn wyi 25 MW, zo mpofhendpevn enjota mapa-
ywyn 60 GWh nepimov. Expetalhevetar 1o vepd tov Aviov, tov pe 1o YHE IInyov Awov extpénetal oto
Metoofitizo, rabug xat pépog Tov vepol tov Metoofitirov - péxol 10 m* / sec — mov deouevetal e e1diy
vdpoknyia, amolhaypeévo amd KovOOeroK e QEQTH VKA.

A6 GOy VAGYEUDY RATAOHEVWV, TO £0Y0 EIVaL PEYERO apot mepthapfaver:

Zipayya Hoooaywyis, wixovg 4000 m. - Zvjpayya Puyrig wiroug 700 m. - Enjoayya Mpooaéhaone pjrovg
300 m. - BonOnuxég Evjpayyeg wixoug 250 m, - Yréyero Zrabud Mapaywynic 6yxov nepimov 20.000 m® - dpé-
ap Avdnaiong dapérpov exoxragpric 13,2 m, xat fdboug 120 m. now O@dhapo Kardvm Avdanahong dyxov 4.000
m * mepimov.

To godypa éxer tipog 15 nat pixog 900 m wepimov xat SNPLOVOYEL EVat (KO TAUEVTIOM WPELLUNG YWOTTL-
»émrag 200 k. m*, O péhog autol Tov TaEerTioo £Ival Vo avaQUONTEL TIC EXUETOAEVONEVES TAPOYES TOV
Mertoofitinov, yio Ayeg povo WEeg rat va dtevroliver Ty vépolmpic.

ARG ta €pya avtd €xouvv 1i0n rataorevaoBei n Djoayya Moooaywyis, 1 Zijeayya Mpoonéhaons #au pic
Bonbtnuw Zrjpayya pixovg 150 m. To vdhowno "Epyo eivat viad dnpompdmon.

2. TEQAOTI'TIA THZ IIEPIOXHE TOY EPIOY

H mepuoy tov "Egyouv Boloxetat oto textoviud mapdbupo Xouoofitoas- Ieplotepiov. 1o mapdbupo autd
anorahimtetal o avtéyBovog ghioyng mg ecwtepuris Idviag Lhvng rdtm and 1o EXWONUEVO TERTOVIXG HAAup-
pa mg Mivdov. To mapdBupo eival eVpy ®aL avowrtd mpog Ty mhevpd Tov ApdyBov. Tty mpaypaTiHéTToe
mpoxrertan Yo fabud avatont] eyxoAmmon Tou peTdrov endbnong omyv xothdda tov Metoofitrov, mov gd-
VEL PEXOL TO HETO POV TOV TOTAROY, 0T0 YOS TERITTOV ToU YwoLol Botovdat.

2.1. AwBoorowuaroypapia

O Phioyng g EVEUTEENS TEQLOYIIS TOV EQYOU  OVIjXEL OTOL OTRWHATR Zaryoiov, OV EVOL O AVHTEQOC
ogitovrag tov Phioyn Tov ovyxrkivou Axapvaviag - Hrelipov oty nepuoyi(IGPS-IEP 1966). H nhxic tou eival
Olyorawvern.

Zm ovyxrexpuuévn Béon tov "Egyov o ®hdoyng eivou xateEoyriv mintinds, amotelovpevos and Te@Qovs
LECOOTOWUTWOELS LhuGMBOUE, [LE apuiég AETTOOTOWPATWOELS YOUPLITLHES EVOTRWMOELS. Emopadixd ot hboho-
Y oelpd mapepfalhovial pepovapéveg Laves XOVOROROXAMY TUXVOTOWUUTMOMY POURWTHV KO HEROVDUE-
VOL TIAYHOL YUAUQOV OTQWREVOV #poHUAOTaYwY. Zropadind emioNg 1) CUVEYELD TV OTOMUATOV SIOROTTETAL
a6 araVEVLOTE OORATA GOTEMTWY REOXUAOTAYWDV, TOU EXOUV Qaxoeld] avamTuEn ®at tagepfdilovial aov-
veywg ot MBohoyur] oelpd. Ot SLHOTACELS CUTHV TOV PUROV XUPAIVOVTOL atd Ay PEXOL KoL EXOTOVIAOEC
HETOU.

Ta yopartootxd tov MBohoywmdy oynpatiopdy Tov ouviatoty 1o ghioyy cuvoyitovial ota axéhovda :

ThvéhBou: Eival AenTtooTompatmdels €mg PeCOOTOMPATMIELS Xan EXOUV 0XOUQ0 TEQES oW, ZT1 OELOd
v thvokBindy orpwpdrov tapeppdrioviar omopudind Aemtés Yapunxeég evorpwoelc. Tommnd oe meQLopL-
opévou mayovg Liveg, TUQUTNEETHL THXVOON TOV PUPUTLRDY EVOTRHOEMV.

H opurtohoywr Tovg ovotaom, tov diegevviiinxe ot pdom g pehémg Tou €oyov and tov xadnymui E.
Mmnéoxo - E.M.IL- oe dwidexa delypata mov MijgBnxay and tig epevvuxés yewtonoeig , eivar: Xahatiog 30-
36%, Aotpion 6-12%, Aokopitg 11-17%, Apythrd opuwtd 43-50%. And o apythind 0puxTd TO o6 TOC0OTS
neplmov elvar droyrotpeva (Epentitng, opurtd puxtic doprg Zpextim - Xhopim).

H vdatomnepardémra 1600 TOL GEENHTOV TETEMUATOS G00 xan ™S oayopdlag elvor molt puor. O oynuoti-
opds elval mpaxtund oteyavos. H Boayxopdto, ®dtm amd my emgavelaxi Covn yahdomong eivat xopeopgvn
(DOYVEAS,1990) 1o veQ6 Spumg Tmv hemtétatmy tépwy elvatl, oxedGY 0o 0UVOAS TOV, DECUEVIEVO e poQLa-
#ég duvdpers. Ou ehdyoteg xaterodioels yivoviar péoa armd TLg AOUVEYELES TOV lval enlong #AELOTEC OYedOV
OT0 OUVOAG TOUC.

Zug arpoopalpirés ouvbixes ol thuéhbol arooaBpdvovral eEatpetind yoryopa. H amoodfowon eival
okt xat Tpoxahel yoriyopa eEehoodpevo Bpvppotioud wov Ba mpénel va arodobei o cuppirvwon, Aéyw
a@AELag VEQOU, TWV JLOYROVREVIV 0pYIndv opurtdv. H amtoodBowon auti elval empaveloxy ®oL tepLopi-
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tetow o8 hemnj Covny, mayovg < Im. H ynpen amoodBpmon mg thvokbunig Poayoudtag meplopletal ®ut aut
oY ETMPaVELERT] Kohaowpevn Luvn Tov TETEOHATOS 6oV @HAEVOUY 0L RATELTOVOELS TOU EMPOVELLHLOT VEQOU.

Wappiteg: Elval 010000t Te@pol €08 TEQOOTQATIVOL HECOROXHOL EMS YOVIGHORKOL, Yabupol rat thvov-
yot. To moo0oTé Tov ¥Adopatog thiog petafdiletal £vrove, £T01 MOTE Vo avTITEOowIeveTaL GUViidwg 6A0 TO
o v MBoRoYIRMY TUTWY, 6 TOUg LAUOUXO0US POUUITES PEXOL TOVS appotyovg thudhboug. Avamtiooo-
VTOL OE OTRMUICTO ®OL TTEYROVE TaYovs péxol 2 m. X MBokoyuni ogw0d oL YPapuiteg oxnuatiCovy xapurtmoL-
otinéc Lodveg mayovg amtd My éwg HEQIES denddes PETOM, PLE LOLUITEQT YEWROPWOAOYLAT ompaoicn. ZTLS oy~
TIvEC aUTES CHVES OUYVE CUPUETELOUV KO PELOVIOPEVH OTOMUATH Yohapiv Emg HEANS OrAnpdTTUS REORAAD-
TAYDV.

Ta PEPOVOUEVE CTRWRATH *at OF uxpOTeRo Pabud xal ohdxinpeg ol Yappumxés Loveg mapovoidlovy
aotabh] oplloviia avanTuEn e évioveg peTafohég TOU TAYOVS TOVS Hal UMGTOUES TAEVPIKES ATOOYPNVIOELS.

O acvveyeies me Ppoayopdlog eival ouyva aVOLXTES %ol SNPLOVEYOTY Eva ONUaVTLRG SEVTEQOYEVES TORW-
deg péoa 0to 0molo ®urhoqopel vow aofnreletal vdyeo vepd. H dtamepatdmia Tov doenrTou TETRMUATOS
E(VOLL TTEQLOQLOUEVT.

Anocabpdvovial opaprd ®ou oynratiCovy yaparmolotikots endliniovs ovyrevipirovg ghotovg. To
fdbog mg yeviric amooabpmong eivar ol megropopévo, 1-2m. Babitepa n anocdbpnon nepropitetan og
POV Tdyous COVES, RATA PIjHOG TV CVOLXTHV CLOUVEXELWDV.

Kooxahonayi: Ta xpoxahomayn eival mohipxta pe wpoxrdheg aoPeotoMbunés, oprolBirnes, nepatoht-
Buréc o Popptinés mov xpofpyovial ®uping and retpupata g Lovng g ITivdov. To uéyeBdg twv wpona-
v mowiher and 0,5 €wg 10 ex. now 08 pepovouéveg teputtwoels péxot 20 ex. Eivan ouviiBog pétpla €wg rahd
OTOYYULENEVEC. To ouvdetxd Tovg Vxd eivor appothvMdEg ®Hat pévo tomxd avBpaxind. Ze
HATOLES TEQLTTWOELS 1) faoinn] pdla eivar diarunuévog nar avalvpwpévog thudhbog péoa otov omoio mepL-
®helovrar oL #pordhes. Avdhoya pe 1o eidog Tov ouvdetinol vAroU Ta xpoxahomayn elvan yahapd éwg péong
oxAnpomTac.

H pata tovg eival ouviiBwg xootin] xweis otpmon. AVartiooovTal QUroELdNS O axravOvIOTOUE GYROUS
OUyVG PEYGAWVY SLUOTAOEMY - EXATOVIAdWY PETPWV - OV THPEPUPEAROVIUL COUVEYHIG, DIUHGTITOVTNG T1) CUVE-
KELOL TOV OTROPATOV Tou vadhowtov @iioyn. O oynuatiopds tovg ogeiletar 08 ouvilnparoyeveis vrobahdo-
OLES RaTOMOOELS ®a EQMUORONS 0TS THQUPES TS avaduipevng TTivdov. Me tig ohobriogig autég petatomi-
obnray 1ov8pGroxra vhrd e avatohis mapdxtias Cavng g Idviag Aexdvng, oe Babitepeg vnoltireg me-
ptoxéc, 6mov ovvrelovvrav 1 andbeon tov Iéviov Phioyy. Tpoxertor dnhady yio «ohiobootpuipa-
1a»(RICHTER, 1973).

H vdatomepatdmrae Tov doonxtov metpipatos eivar uxor]. O aovveyeies mg poayopdlug eivar ovviiBug
AVOLHTES oL OUYVE DLEVPUPEVES. MEOQ (IT6 TLS OUVEYELES CUTES TO ETUPUVELUKG VEQOS RUTELTOUEL, KURAOQOPEL
wa amofnuevetar om Poayondla. Exed dpoc oL aouvéyeleg eival mohl apaiég xat ovviifog dev emxove-
voiv petaEd Tovg, N unéyele vdpoWoin Efval YEVIXG TEQLODLOUEVT.

To Baboc me aroodfpmong dev Eemepvd ta 2-3 m.. Katd [jxog Giwg Tmv avolrTmy aouvVEELDY 1) arood-
Bpwon mpoywed ot onuaviird Pddn, dnuovoywvrag Ldveg amoodbpwong mhdrovg péxo Im.

2.2. Texrovixy

To #upiapyo TerTovVIRe YEYOVES Tg EVOUTEENS TELOYS Tov “Epyou eivau n) emdBnom, pe mv omoio petart-
vijinxre 1o tepdotio Texrtovire rdhvppa g Iivbov o tomoBem|fnxre mdve orouvg avtdyBoveg oynuatiopois
v dvtrdtepwv Lwvav, Tapedfov xau Ioviov. H enddbnon eivar dnpiotvpynuc Siadoyindv CURTLEOTIRMY YEYO-
vétwy tou Tortoyevols, Horawo — [Miewdrawvo ( ZOYPOZE, 1993).

H peydhn exwbntuai xivnon dnpotgynoe, om fdon tou kahipparog, o mhatid Textovix Ldwn 1 onolo
ATOPEGENOE TO UEYLOTO PEQOC TWV TOQUUOPPMOEMmY. ATOTELETOL 0 yaotxy] dwatunuévn mhmu] pala,
péoo oty onoia weQuheiovraL xoppdria ®oL oyréhiBol aopeotohiBmv raw Yooy, Ta vhnd ™ TEOEEK0-
viaw 1600 ad 1o avtdyBovo oo nal 1o enwONUEVO oot

H naranévnon tov avtdyBovov Giioyn, 1600 amd myv endbnon oo kot myv mrixwon ko avdduon mg
nepoyic eival dvioa rataveunuévn ot empégovs MBohoyég Loves. Zta nporahomayt, Tov Eival O Mo
AvOERTIRGS Ml GRAPTTOC OYNUOTLONOS TS OELRAS 0 TEXTOVIONGS elvan aoBeviig. Exdnldvetar pe éva apod
otompe Srexhdoemy pe arel petakl Toug emrowvwvic zow ouviBwg avolxrtolg appots.  Ztovg Yapuuiteg o
TEXTOVIONGS eivar emtiong aoBeviic, 0aEms Gumg mo €vIovog o 6Tt oTa ®poxahomayr. Ol TEATOVIKES GOUVE-
YELEC EIVOL AVOLXTES, AVIXOVY OF TEQLOCGTEQN TOV EVOS TUOTIHOTA %O EMHOVWVOUY petall Toug. OLhudibor
7oL ival To mo aoBevég ®al Thaotind péoog e MBoloyuis OELRAS, EfvaL VIOV TEXTOVIRG KUTATOVIILEVOL,
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(OLAITEQX ROVTE OV ENAQT TOVE UE TIG ARUPTTES NALES TV Rporahomaydiv, 6rtov ouvilweg efval Eviova #ep-
UATLOPEVOL OLATPINUEVOL ®al YAOTIXOL. ZTIC GALEC TEDLOYES O TEXRTOVIONOS EXONAWDVETAL E TURVES Hot TAATLES
Codveg dudrpunang xat ovyva éviovn arixwon. O TEXTOVIZES HoUVEYELES OTOUS thudhbovg elval, oyedov oto
OUVORG TOVS, HAEWOTES 1] YENdTES pe aofeotitn.

AMLO ONUOVTIZG TEXTOVIXG OTOE(D TG TEQLOYIS elvan 1) peydhn onEryeviic Coiv tov Metoofitizov. TTpd-
rerta e déopn opdhinhmy onypdrov oplléviiag petardmong pe dietfuvon A-A, Thv omoia Yevird axohov-
Bel »aw n ol Tov wotapol (ZOYPOZ,1993). Zmyv mepuoyy eviiageépovtog Ta priypata g Livng elvar axd
my aploteEr] (voTie) TAEVOd TOU TOTAROU %ol dMEovpYolv To axdtopo aviylugo tov aopeotohibov. Zm
Baon twv pnEyevav mpavdv oynpatiofnxze mayic pavdiog aoPfeotohBidy ®ooNIATOV Rol RuTartwosmy. O
navdvag, Torobetnuévog mavew ot xerMpuéva mimnd Teovii Tou autdyBovou phioyn wat e Tertovimic Li-
Vg Tou kakvpparog, Bpioxretal onjiepa of eppavag aotab woppomia (Zy.1).

3. TEXNIKOTEQAOTI'TKA XAPAKTHPIEZTIKA TQN AIOOAOTTKQN EXHMATIEMON

IwdhBor: To cpvnurd texvinoyewhoynd yoapurmmoiotixd g thvokBuis Poayoudtag eivar n vy me-
OLEXTIOTITCL DLOYROTPEVWV UOYIMAMY OQURTMV KOl 1) EVIOVI] TEXTOVIXY ®atomdvnon e Poayopdoc.

Pavdpeva 6mmg o Yo1y0p0g DOUPPATIONGS TOU TETPDUATOS OTIS OTHOOQPUIOLKES ouvOnixes, rabme %ol 1)
AoYyrmWON ZaL 0 BOUPPATLORGS TWY IOV TWV YEWTOHOEWY TTOU TAQUTNOOUVTAL oTovg thudhbove, ogelio-
vra, #atd y dmon pag, oty Brapn 1mv SLoyRoUpeVOY 0pUATEY.

Omov o tentoviopds Twv thvokiBwv eivar éviovog, ovvodevetar ouviiBog xou pe Sudtunon. H Poayopdia
EPQOaVICETAL RATAHEQUATIOUEVT] OF r0d PUALGON roppdria (2-10 ex.), pe heieg dorununéc meptpdrlovoec
EMUPAveLES. AUTEG oL TapdAlnheg dloTunTinég uxpoemupdveLes divovy om) Boayondla pa drum oyotémia
®OUL  QVIOOTROTIC avaupopIrd HE Puoinég YEWUNYAVIRES THPUUETPOVS TS(Ymvia @, avioy ot aveumodiom
Bhiym x.hat.). O oxeTIRGS TEOTUVUTOMORGS ETOUEVIS TG «TYIOTGTNTUS?, AVOPOQLXA PE TOVS Eynirels dEoveg
TWV UTOYEUDV HATAOXEVWHV Hat T1) POQG TROXDONONS NS EXORAPYS, EMNOEGTEL AMOQPAOLOTIXG TNV EVOTADEL,
TV EXTAON TNG WTCITOUREVT)S UITOOTELENG ®o T pEB0dO drdvolEne.
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Zy.1. I'ewhoyixds ydpms s meproyric Tov "Egyov Geological map of the project area
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3y.2. lewdoyixf tourf xard ijzog Tov Aywyou Ilpovaywyijs Geological map along Power Tunnel

H dammuévn thvohiBun] BoayopdCo €l Tohi pureés avioyes o8 avepnédlom) O, oxedov pndevixd
ROD #at ToA eypmhéc Tiée om faduovepmnon mg, ot yvmoTd eTeLQid ovotipote ratdragng. Zmy ©atd-
TN wod Bieniawski yua mapdderypa ot ipéc RMR eivan oagog pnpdtepeg Tou 20.

H arextéviom thvokOu] Poayopdlo aviiBeta éxer upéc ROD  60-90%, Eviove RUPCIVOHEVES TIRES (VE-
prédromg Bripng, amé 5-40 Mpa, #aw pég RMR mrov gBdvouy 1 naw Semepvoiv o 80. H moayparing oupseot-
oo SpwS VTS TS POUYORALHS, OTIC UTGYELES EXTRAUPES, EIVAL OUPUIS XATHTEQT) NG CVOPEVOUEVNS YL foo-
yopdLa pe 1600 vymid RMR. Z1o Oéua Oa avagepbotue OF ETCUEVY TRQAYOUGO.

Oeind A6 TEYVIROYEWAOYLA] ATy %U0aMOLOTIRG TS thvolBuis Poayopdlag efvan, 1 EMenp amo-
odfowong xou 1 eEapeTind aobeviig vIGYELX VOPOGOQIH, TOL TEQLOPICETHL UE TOMXY VYpOOit omopadird.

Wappiteg: To Detind TEXVIROYEOAOYIRG YOOURTOLOTILG TS POpILTIAG Boayoudtac eivan o aobeviig Te-
HTOVIOPGS - pE0eg Téc RQD>T70% - 1 yevird yopmhy amoodBomon, or pEoeg €wg VymMAES TIHES avToyIiS OF
avepmodiom Briyn 20-60 Mpa.

AOVITIAG (AOURTNOLOTIG elvat 1 OL OUYVE AVOLRTES TEXTOVIXES HOUVEXELES. OL QYIMRES EVOTOMOELS IOV
ouyvd TaQeUPArhoVTOL PETAED TOV PAPMITIADY OTOOUATOV RO HELHVOUY QOOTIRG TLg SLOTHITLRES AVTOYES NG
Boayoudtag, ®atd Wikog TwV EMPAVELDY OTOWONS, Xat 1) VIGYELL VdEOPORIH ToU Tomxrd HTOPET vt Eival
ONUOVTLA.

O TPOCAVATOMONGE TV ETPUVELDV OTOHONS, 08 O%£01] [E TOUS GEOVES TWV VIGYELWY RUTAOREVDY, EVIL O
AUPLGTEQOC THOGYOVTIOS TOU EANQOEGLEL TNV EVOTABELR, TNV EATAOT TG CITCUTOVHEVNS vrooTioLENS ®aL 1o fjnc
TQOXHENONG TS EXORAPYG.

Ol TEXTOVIRES AOUVEYELES, (RO HOL OTNY TEQITTWON OV EIVCL AVOLRTEG, e(vat My6TeQo emuniviuves and
) oTEWON, T elvan AydteQo emimedes, hyotepo “ohiobnEég” naw aovveyE(S.

H vnéyera vdpogopio poel va eivat éviovn), enetdj Gumg ovpappptizeg Loveg elvat YEVIRA TEQLODIONE-
VoV SLaoTdoEwy o TEQAEIOVTAL 0F aTeyavors thudhBoug, i arofnzevTin] TOUg rovGTTA RaL TOogodoain
£(VOIL TEQLODLOUEVT.

H Babpovéumon e foayopdtas omy xardraln rard Bieniawski divel Tipués péoeg éng vymaes 50-75, dnha-
&1 namnyopieg Poayopdtag -1 o pe guvoiry didraln me otpwong ramyopic L.

Kooxaromayij: Ot avtoyéc o avepnddiom) Ohiym elvar yevind youmhés, 8- 20 Mpa %ot p6vo Tomxd oL TipES
auTéc eival aqpavard peyehitepec. Auté ogeihetal oty xahaol ovyxéhinom ue 1o hvoappndes ovvdeTnd
VMHO.

Ta Betind goooxtnowotnd me Poaygopdlog eivar: O aoBevig textoviopss (RQD>80). O Ol hAoELS €l-
VO JEHOVIREVES 7atl GOUUES RaL POV 0TV TEQITTMON TTOV €40V SUOUEVY] TEOTAVATOMONG, YLt TO VIGYELD
£0Y0, IITOEOUY Vi eMMEEGTOLY ovOLaoTiAd Ty evotdBew. H éhenpn inuatoyeviy aouveyewdy (otowon) ei-
vau éva eEaipeTivd onpovnrd otorgeio me Pfoayopdtag, tov emneedler ovowotnd my evotdbewa, my o
TOUREVY UTOOTHOLEN %o T p€BodO exnoragc.
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H vadyete vdpogopie zow vdoavlint] agood #Uoing VS TOU RIVEITAL ®ol aTOONLEVETHL OTIC AVOLRTES
dranhdoets. Ot SLHAACELS AUTEG £(VUL ATOUOVIREVES 1] ETUZOVWVOTY PETHES TOUC (tehiis, €1t 1 amobnxevti-
#OTTG TOUS UL 1) TOOQPOSOOTD: VOl EEMIQETIHG TEQLODLONEVES . AEV AVaTTUOTETL TUTHOG EVIQIOS VITGYELOT
vdopGpog opitovras om Poagopdla. ‘Otav 1 vidyewe exoxa@y CUvavTioel ®GToL VOROQPOROUON UoUVE-
XEILL, OL ELOQOES PITOQEL Vet Eival apyrd oMpaviiég, 1 eEEMEN Toug Spwg eivan phivouoa o 1 £EQvTANM] ToLg
UTODEON RATOUWY WEWV 1] EAAYLOTOY NHEQWIV.

Uy v 10 VEQOS TWV ATOUOVOREVOY Slakhdoemv €yl auEnpéve 0pyavind QooTia #u evde Eelg avaepofiog
amoovvBeong (vdodbero).

H amoodfomon eivar yevind aclevij won #dtw omd my emgpoveiox Caivn mepropitetar pdvo oe hemtéc
COVEC RUTA KOS TOV UVOLATHY SlorhATEMY.

4. TEQAOTI'TKA KAI TEQTEXNIKA ITPOBAHMATA TQN YIIOTEIQN KATAXKEYQN TOY EPIOY
4.1.Ipopinuara g ueléng

Ty mooxraraorTiny Lekém Tou £oyov o Aywyos Moooaymyic eiye oyediaofel ooy avolzT Sy, ®outd
Jujrog g xopuridng 643m (AEH/AAYE,1984). Tut 10 0xediaons avtd datumwbnray cofapéc yemhoyinéc
EVOTAOELS, TOU apoQotioay Ty €viovn), exdnhopévn aotdei, peydhoy TUNUATWY TOV ToUvVoUs, ot Cdvn dLé-
AEVONS TOU (Yo,

H aotdfewa ovviorarar oe olobrioeis paluv mg textovinic Lovig Tov xodippartog, mévm otoy VITOXE(UEVO
avtéyBovo @hioyn. Exdnhoivetan pe peydhes evepyés natohobioelg, ota yaunhd tov mpavolg Rt aQyoug
EQTUORONG OF EVOUTEQES TEQIOKES TOV, TEQITMOL PEYOL TO WPSeToo 700m. To pabog twv aotaberdy elval peyd-
20, auviilog agopd To oUVOIXG d)og TS yaoTxig TErTovIRIc Civng ov oy TEQLOYN HUPAIVETL PETAED 10
7o 30m .

Me avtd ta dedopéva 0 apyinis oyeduaopcs omoppipdnxe. T avdloyoug AGyovg amoppipinxe xal 1
EVaALoHTIA TEGTEON SUHOLYUS OTO UPIOTEQS TOUVES TOU TOTGUOY, GTTOU 0 mayic pavdiag aofeatoBinav
ropnuatwy Boloxetal 08 ERQUVHL aotadi L00PEOTIN TAVEL OTO KEXMUEVO TMTIXG vréfabpo. H Mion vrd-
YEWOU aymyOoU TQO0HymYis AmEéReVE OVOLUOTIXG 1) povadua], Yewhoyixd amodex, exhoyn.

Zmy tehrt] kion mov emA€yOnue, 10 ouyrROOTHA TOQOYOYIS, O UyWYGS TOOTCYWYNE R O UYWYOS UG
ElvaL 0T0 0UVOAS Tovg vdyew. H SudraEr tovg Seiyvetan oo oy 1 %o 2 ( K. Kapamaviehaxng, 1993)

Ta wipLee YEOAOY %A TQOPMIRATA TOU GVIETHIUOE 1] HELETY CUTGV TV VTGYELOV EQYMV TfTay :

a. H yGoagn twv onedyywv xou ) emhoyr me BEomg Tov vIohoutoy vIGYELDY £0YwV, OTO ToAGThO%O YEWAO-
Y6 mepipdihov g mepLoyic.

H emhoy awri Oa émgene va et vidyn mg my empdveio exdbnong, WOLUTEDC GOV 0L THOUYYES TTEQ-

vouoay xatw and avrr. To vidyewr €oya Ou énpene va tomoBemBoty xatd o Suvatd €Ew and Tig Liveg

emooons g emibinons. Exiong Bu émpene va Inglotv vréyn ow aotdbeieg tamv TOAVAV TET0 0L EXdNAL-

Heveg 6oo zai oL duvnuréc. Ot B0l Tav vrdyewwy £pymv Ba Erpere OTWOITOTE Ve Eival #ATo) Umd Tig

aotdbeleg xaw 0 amdotaon aopaheing and avtés. Tmyv emhoyr Tou fabove Twy "Epyov ftav deopevtixo

0 VYGRETEO TV aTEoPikwy Tov Erabuo Mapaywyrc 638 m. ou fray oedopgvo (Zy.2).

H emhoy mg B€ong tov vidyeinv “Egyov ompiybnxe oto toito YEWEQEVVITIRG TOOYOUUCL, TTOV VI TV

TeQLOY Tov mEoPinpatiot Turpatog (YAIT-IV) neprehdpfave munve dixtvo yvewtonoewy (KAPAITANTE-

AAKHZ K.,1991).

B. H aotabic opillévria avdntgn faondy MOOLoVIRGY oxnuatiopdy Tou @Mioyn (Yappites #porahomayr),
dmpuovigynoay coPapés duorohies v afefardtntes om ovviasn Tov YEWAOYLRY TOUGV OTOVS GEOVEC TV
"Epywv Ey.2. Ot topgc autés yevird elvan eEougeTind onpavareés, emeldn oe autég vuping Paociletar n mpd-
YVOON TOV UVUUEVOREVOY YEWAOYIRWY %Ol YEWTELVIAGY OuvOnmdv 2o kot ETEATCON 1) TOUETONOT HOL O
mooiimohoyionds tov “Epyou.

To mpofinua ugopotios ®voiwg tov YATT-IV OOV EMAQATOVOUY OYEDOV ATOUAELOTIA TOL ROORAAOTTCL-
M ®ow ou pappiteg. H onpaoia tov mgophipatog Spumg, edixd yuo ™ ofpayya ouT, LEWDVETOL T TO
Yeyovog 6t ow do hbokoyirol oynuoamiopol €3o0uv avdhoyn CUPTEQLPOOG oIS VIOYELES eronagés. "Erol
EVOEYOUEVN cOTOY i 0T Yewhoyur pxotopi dev Ba eixe ovoLaoTiEg OUUBOTILES ROl OLLOVOIURES ETUITTO)-
OELC.

7. Ouyepdtepeg yewmhoyinés van yemtevinég ouvihixes avauevitay otov YATI-IIL, mou 1 duopeviic hbloko-
yie (1hwohiBol) ouvdudlovial pe €viovo TexTovions wot reodidrmon. Iduweitepa ®ovrd omy exag] v
tvokiBowv pe T rpoxrahomayr, 6ou 1 duoueviic Mbokoyio xat o TEATOVIONOS poPhemdtay va ouvdudletal
WAL UE VYOUOTC, AVUUEVOTOY ONpavTiiég duorolieg om dudvolEn.
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H oupBoreai taEvdpnon me Poayopdog dev axoA0UONOE RAVEVH UIT6 O YYOOTA CLOTHATA TAEVOUN oM.
H taEwépmon omoiyOnxe omy dueon eprepla mov amoxtinze and m dwdvorEn me Enoayyos dunig Tou
nupaxeipevor YHE TTyydv Adov, otoug idrovg Abokoyiroig oynuatiopois tou Ioviov divoyn.

Ta #omijola pe T ool €ywve 1) tavépnon jtav to péyoto duvato Pripa mpoxmpenong. To e(dog, ®al 1)
TOCOTNTEL TOV WTCUTOUHEVOY HETOWV VTOOTHOLENS ®abds #uL 0 xodvog tomobémong tove. Ta #oimjole avtd
£vaL %O 0L #UPLOL TUOGYOVIES TOU DLAUOQPWVOLY TO ®OOTOE TS RUTHOXEMS. Me Tov 1060 (utd emdudybnxe
va Sraprop@mBEl dixao oloTe TANOWUIS #alL eTougvng TRoUToOEoELS opaiig eEEMENS ™g eoyohafilag na-
TOOREM]S TOV EQYOU.

4.2, Euneipies »at mpoflijuara tng »ataoxevijs

H mowm oippaon rataoxewic tov "Epyou, neotéhafe my exornag tav onodyywv TMeooaywyrg (4.000
m.), Moooréhaons (300 m.) raw ag fondnuxg (150 p.). H ovppaon okoxhnowblnxe péoo ota ovpforind
OLHOVOIAA %Ll YOOVIR( TAUIOLE YEYOVOS TOU 06 POVO TOU GTOOEIAVIEL YEVIXG %O TV £V0TOY (0 TS HERETNS
HOL THY ETAOKELN TN AUTUTHEVNC,

H yewhoyuni pnrotop Tg REAETS #OTd IjROS TWV aSGVmY 0Ty Ty onodyywy, empepalninxe os twa-
vomomntrs Pabpd.

Ol EPTELOIES TG TNV CUITEOLPOOE TV ETUEQOVS MBOLOYIXOV OYNUUTIONY 0TI VTGYELES EXORUPES OV~
voyitetan ota axchovda :

ThvéhBou: Moo fipc mooywoenong (0,80-1,50 m.) avdhoya pe 1o Pabid TEXTOVIOPOT ®at TV FTOEOVOT 1)
Gy vypaoiog. Na dtatopgs <30 m*, givar IEOTRGTEQO 1) ALAVOLEN Vet YIVETOL OF pie (PAON HE TEQLOOLTNG, (v
aauTeital, Tov wixovg Pripatog. H avdyxn vroonjoténg eival dueon. H tomobémon Ghwv twv pétpmy moenet
Vi ORORANQMVETCLL TOWY TV TOOYHOTOTOMOT TOU EXGHEVOU Rijpatog. ETovg 1okl TEXTOVIONEVOUS thudhiboug 1
ayripwon mpomopeing Tov B6hou fonddel coONTd TV TEOXHENON. ZE CUVOVHORG EVIOVOU TEATOVIOHOU UE
vyouoie, ivar oveyraic xo 1 vTooTiELEN Tou dUmTEDOV e TV XATAOXREVN AVAOTOOPOL TGEOU.

Katdhhnho péroa vmootjolEng: xahifdva mhalow, ot ouvduaopd pe tadntind ayAiou oL EXTOEEVOUEVO
OHUQOOE L.

Tror thvohOwd TjpeTe TV onodyymy TaoameiinHey Taoeop@HoELS ®ot aUENIEVY POQTION TWYV IE-
TOWV VTOOTHOLENS HUPIKE 0TOVE TAEVEIXOUS TOTXOVS HE VOTEENOT EPSONAdMV 1] %O PNV PETA TNV EXCROGN.

To @auvopevo dev meELoPITeTaL POVo OTOUS EVIOVH TEXTOVIOUEVOUS thudhBoug ahhd ETERTEIVETOL ®Ow OTO
MYOTEQO RUTUTOVIEVO TETOWUA. AE(YVEL OTL 1] 00IEOVTLL TUVIOTHOW OTLS UVAXATAVEIIEVES TATELS YUOW (o
™ ofoayye E(van CUENREVT), YEYOVOS TTOU EVOEOREVH OUVOEETUL AOL HE TNV TAQOVO{K TV DLOYROUREVOIV AOYL-
ARV 0QUHTWIV.

Wappiteg: O p6A0C TOV TEOOUVATOAONOT TG OTOWONG, O O}E0N |LE TO VTOYELD dvoryua, eival zabogt-
OTIHGS I TV CURTEQUPOOX TOVS. ME EUVOIXG TROCUVATOAORG TS OTEWONG, TO [ OGS PIIATOS TOOXWHONONS
UTOQEL Vet £ivan peydio (>2,5 m.) %ou 1) arenTonpe vy vtootjoiEn TEQLOLOREVN rat Gyt dyueon. Me duopevi
TEOCAVATOAOUS TS OTEWONG 1OLaiTeQ pe Tapaootldviia B0 Twv otpwpdtwy (xhion <20°), vdoyouvv €vio-
va roofhijpate vrepexroragev oto 06ko rar aduvapic ehéyyou mg dratopis exorapis. Kardhinha péron
vroonjpténe 1o Gunite xat o evepynuxd ayripia (daotekhopevie xeqpahc).

Kooxakomayi: TTaod Tic OxeTind YopnAES YEVIRG INYUVIXES OVTOYES, 1] CUNTTEQLPOQG TOUS, OTLE VITGYELES
exonagéc, elvar tohd #ah. H oupmeoupood aunj yapaxmeitetar amd evrohio mjonong tmv Bewonmxey youu-
OV TNE SteTopn exoragic, EALEN VTEQERTHAPOV TOU UAAOLHVOVY T1) YEWUETOIC TG dretoptis, peydho fripa
TEOYWDENONG, TOU VTGHEITUL HOVO OF XKUTUOREVUOTIROUS TEQLOOLOROUS. TTEQLOQLONEY YEVIXA “aL Oyl dpeon
avdyxn vrootiolEne. Katdlnhe péroa vmoonjoiEng eivar eXToEEV6ILeVO ORVEODENM Hat EVEQYTTIXG ryrUoL
(SreoTehSpevng #e@ahc), OV Ba TOETEL GUMS VO TUATOVOVTUL, PETA TNV TAVLOY TOUS, OTE VL TEOOTUTEVO-
vion oo paxponpoteoun aoroyic.

To oMUOVTIRGTEQO TGP TOV EVILHETAMOE 1] SIEVOLEY TWV ONOGY YWV 0T ROORUAOTYT, TV 1) ROTAO-
QEVON TS 000N, OE Eve Tuijpa pjrove 8 m. g Trjoayyag Mopooméhaonc. H ratdooevon éyive o€ puo watano-
oun Cavn dudoonEng xat évrovng aroodfpmong, Thdatovg 3-5 p mov Tépvel vdbeta tov dEova g arjpayyas. H
Caiv, OV Elven TREGMAA TEOS TO AIGTOHO Haut VYMAS QUOIKG TOAVES %ot anéyel and autd 30-50 m, eiva
yahaowpévy ASyo Baoimrag. Ot avEnuéves xatewodioels o) yahaoouévy avni Lovn, Teordheoav Eviov)
amoodBpwon mov £yy(Cet To Sote e Thjoovs eEahhoiwoms. To yohapwuéve vhrd mg Luvng ritay ROQEONEVAL,
we vymin vréyewe otabun.

Katd mv exozag n Lovn £€dmoe anpavtings e1000€g, mou petdinroy opwg otadiond weyxows gEGvVTANONG.
H vroonijolEn £ywve pe xolipdiva mhaiowe HEB-140,extoEevipevo 0rupGdepc xot TUxve DIXTUO amooTRayyL-
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OTIRMV OOV,

H zatdpoevon, Toeig jveg Petd ) dudvotn #at v TomofEmon Tmv PETOWY VTooTiOLENS, EYIVE VYO
nepi0d0 raw o@efheta xuping oy €Ot TWV ATOOTOAYYLOTIAMV OV XL TV ZUAGTEYVY TOTOBETNON TLV
TAALOIOV OV TAQUUOQPWEN®AY %o aoTGYNoay ®GTW 0 Ta ToG00ETR VOPOOTUTIG (popTiCL.
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T'EQAAITIKH ME®OAOX ITAPAKOAOYOHXIHX
TON [IAPAMOP®'QIEQN THPAITQN®
B.A. KONTOTTANNH', £.K. ETEIPOL'

ZYNOWH

H ex81iAwO0N THQUUOOPHEEWMY 0TO EGWTEQXG ONOAYYWV EIVIL TOWTEVOV TAQGYOVIOS OTO UYEDIAOUS TOV
EOYOU ROl 1) RUTAYQUPY TOUG CUVOEETHL GUECA LE TNV COPGAELL RO AELTOVOYIKOTTA TS HATAOREW|S. ZTO
7aoehB6V, N HEBOOC TOU LENOLLOTOLOTVTAY YI0L T LETOON TWV TRQULOQPWOEWY BaciCovray ot xorjon ent-
UNRUVOLOPETOmY TymAg aroiPerag, modopata Suws avamtiyinxe n néBodog e yEmdTIRg TauroAOTHY-
one (monitoring) TwV PETURVIIOEWY OTO GOLO TS EXOHAQIS. AVIIREREVO TS TXQOVOUS ueh€Tg amoTehEL 1
diepetivion mg axpiferag g yemdarmniic pebodov oTig EQUOPOYES TAQUAOAOTVINONS TWV TUOUUOQPHOEWY
ofjpayyac. To Bemenmird ogdipa g peBédov voroyiomxe ota 8mm. [apdha avtd 1 avaivon yEWOUITIRA
TOOAMOOUUEVMV HETATOTIOEMY TS 0QOPIS ONOAYYWY OF %aArg ToLGMTag Paywon vhird, GTov SV OVAREVO-
VIO PETORIVIIOELS TOL(WUATOV, TAQOVCIGLEL PUIVOIEVIRES HETATOTOELS 4mm, Tynj Tou amotehel TV axoifela
e yewdomrig pebodov.

ABSTRACT

Tunnel excavation produces a void, which tends to close due to the load of the overlying rock mass. Tunnel
closure which is somewhat proportional to the tunnel’s dimension and is sometimes a threat for modern tunnels,
whose radius is usually larger than 10m and their length longer than 250m, takes the form of either a reduction
of the tunnel section or a partial or total collapse.

In case of tunnel constructed in weak rocks, extra support, for instance a strong lining is necessary. This
lining is expensive and efforts to be avoided, if possible, are always made. Decision making on to whether extra
support is necessary is mostly based on the amplitude of subsidence of tunnel ceiling or its overall closure. So,
several methods have been developed for monitoring tunnel deformation during the excavation procedure.

Deformation of tunnels, especially those in over-stressed or weak rocks, was traditionally measured based
on in situ-adapted instruments (extensometers) or INVAR tapes of high accuracy ("Imm), techniques expensive
and affecting or even disrupting the excavation works. In the last years, however, in many cases these techniques
are replaced by conventional geodetic techniques - total station measurements at fixed reflectors regul arly spaced
along parallel sections. This method provides minimal interference with the tunneling operations, gives absolute
rather than relative deformation measurements and is simple, inexpensive and functional.

The aim of this paper is to present an assessment of the accuracy of this technique and show that it is
acceptable for most modern tunnels.

An a priory analysis of geodetic data indicates an expected accuracy of the order of 8,5 mm for both vertical
and horizontal displacement measurements. However an analysis of a complete record of data collected from
two different tunnels in Greece (Eytaxias tunnel part of Athens - Patras railway road and Drapetsona tunnel
part of Piraeus by-pass road) excavated in good quality rock (limestone of RMR approximately 60) indicates
that: in tunnels in which finite element analysis predicts no deformation and no eye-witness signs of deformation
exist, geodetic data reveal up to 4mm displacements.

Therefore, we can arrive at three conclusions: First, the value of +/-4mm represents the accuracy of the
geodetic method of monitoring tunnel deformation. Second, this method can be effectively applied when and
where deformation higher than 4mm is expected; Consequently, it can be applied in the vast majority of tunnels
dug nowadays in Greece and other areas. Third, this method is simple, functional and can replace all other
methods for monitoring tunnel deformation, provided that the latter is above the 4mm threshold.

* GEODETIC MONITORING OF TUNNEL DEFORMATION.
1. Epyaonipwo Mewdatoiag Tijporog Mokmuwdy Migavizav Mavemompuiov Mergay, 26500 Tarpa.
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AEEEIL KAEIAIA: TTagapopguioels onodyyov, yemdarmii pébodog, Bewontnd ot mouyuanré o@ahpua.
KEY WORDS: Tunnel monitoring, geodetic method, a priori and a posteriori errors,

1. EIZAI'QI'H

Katd m dudvolEn vroyeiwv €oyov xaw my agaipeon umpdtoy edaguot vhixon, Tpoxaheita petafioin
ato TES(O TWY TACEMY YIOW UG TNV EXOHAPY] e EXONADVOVTOL TAOUUOOPHOELS TTOY neptfarhovea edagird
§000. Ot TIRES TWV TAQUUOPPWOEWY AVEAVOVTUL OF TEQUTTHIOELS LUAUQWY ESUGHV, HEYEAOY WMPOUg VTEQUEL-
HEVOL EOGOVS Ha EXOHAQMY peydhwv deotdoewy (Szichy, 1973). Katd ™ diGvoitn tou £0YOU QaULTETTUL OL
TUQUPOQPWOELS Vet jnv Eerepdaovy e GpLa aoquheing ov Bétovy ae xivduvo v evotdbera ™S VITOYELUG
exoragic. Mapdderypa amoterel n mjoayyo Tupgoenotol mov magovoiaos TUQUUOQPUICELS WS ®aL 2m
(Tsatsanifos et. al., 1999). H tehua duatopni uetd m orabepomoinon tov TUOUUORPOOEMV OEV E(YE TLS CTALTOV-
HEVES DLaOTAOELS % %EION®E amapaiTT 1) EMaVERCHOET] TS OYouyyas, HE ATOTEAECNA TO TEMHE ROOTOS Vit
E(VaL TOAMATAGOLO TOV «pyIHOU TEOTTOAOYLOROU TOV £0YOU.

IMapdhinha fLe ToV TEQLOPLORGS TWV TUQUUOOPUOEMY OF (oQaAl enimeda, oL TEYVIRES DLAVOLENS OV (ro-
hovbotvran Ta TelevTaicn OOVIC AITUITOUY Vo avamtioost T0 £daqi#d Peco YUoow amd T ofpayya Ghy v
GVTOYT] TOU, WOTE IE TOV MO UG %(tl OLXOVOIKG CUVOUAOUG HETOMV aVTLOTHOLENS VL TEOLODILOVTML OL TR0~
poo@aioels ota embuuntd Spwe (NATM, New Austrian Tunneling Method, Rabcewicz, 1964: Muller and Fecker,
1978). Ov afefordmreg Gpmg 0oV TEOTMOQLOPE TOV LGV TWV TUQUUETOMY KL TS TOLOTHTOS TOU ESAQPOUS OF
610 10 jrog TOV £0YOV OdNYOTY OF EXTYNIOELS TOU SEV AVTLTOOCMTEVOUY LACVOTOMTIAG TO £d0QOg EXORAGNC.
Zvvenwg av oL mapdpetpor g fouydpatag vrepextymBoly xatd ™ yewhoyuri ®al YEWTEYVLRY DIEQEVYNON
tov eddgoug, Ba EpPavioToNy PeYaAiTEQES TUOUUOOPUICELS Gt TIC GVOUEVOUEVES 1) OROWT] ®OL (POUVOPEVE
TOMANG 1] YEVIRIS ctoTdBELOS Yice TO GuoTNa avToTHEWENS ov Bu €xet emheyei (ei.1). Se TETOLEG MEQUTTWOELS
Eemepviotvran Ta Goue aogaheias #al onig SleTopés o epgavitovial peydhec TUQUUOPPWOELS UALTEITOL 1)
evioyvon Tov eddpovs pe emmhéov Etpa avromioEng. T v yiver pme avethnem 1 AUENON TV TOQUPOQ-
POV EYovv cvarmTuyBel %ot ONoLHOTOLOUVTAL SIAPORES PETONTIRES PEBOSOL.

Eux.1: Moggés magaudogwons dtatoudv onpdyywv: (a)ovyxiion s datourjc, (B)romxij aoroyia, (y)yevixi
aoroyia. After Kovari and Amstad (1993).
Fig.1: Tunnel deformation: (a)reduction of the tunnel section, (b)partial collapse, (c)total collapse. After Kovari
and Amstad (1993).

H péronon tov negopopp@osmy oto £0wTeQrs pag ofpayyac Yivetal e Goyava omwe pdpdoL nhextpo-
hmrdv aobnmiowy (electrolevel beams) yia mpoodiopiond me xabinone xat me ovyxrhong ofjpayyas (Fe-
woyLdvvou, 2000), pe T (010N EMPNAHUVOLOPETOWY %o pe Yemdartikée peBdédoue.

2. METPHZEIZ ME EIIIMHKYNEZIOMETPA

H pétonon tov megapop@ioemy 010 e00TEQIKG LIS OHOMYYUS YIVETAL Pe M YONOT EMUNAUVOLOUETOWY
(tape extensometers, INVAR tapes or wires) ywa m péronon ovyzexouévov arootdosmv (Schubert et al.,
1994) pe axoifera 0,13mm avd 10m (Dunnicliff, 1993, Kontogianni et al., 1999, ex.2).

H péflodog dpog twv emymuuvoropgrowy epgaviter coapd peovextipata dedopévou G
1. epmodier Tig TavTéR00VES E0YUOTES Yot T SidvolEn Tou €pyou,

2. MOQEYEL UXETIRES ROl Gyl OTTGAUTES PETARIVIJOELS,

3. €yeL peydho néoroc.
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QVILOTAPLEN

Et.2: MeToijosic Tijc 0UyxA10nS 0100y yas e eXUNXUVOIOUETOR XATA U120 TWV YOOUUWY 0TO EOWTEQIAT TNS
dratourjs. After Kovari and Amstad (1993).
Fig.2: Measurements with INVAR tapes or wires along the lines indicated. After Kovari and Amstad (1993).

3. TEQAAITIKH IIAPAKOAOYOHEH THPAITQN

Katd 1) yemdaitixn meouxohoiinon tegupopqpunoeny onedyywy o EAeyy0g TOMYIUTOTOLE TUL LE TOTOYO!-
@A aToTUIWoTN TWV PETaXVIjoEwY 0f TEEls GEoveg (3-D Optical Monitoring) pe yewdaixd ortabpd (total
station) %au e omTirovc avarhaoTipEg mov eyrabdioTavial apécwns HeTd Ty TOTOOETNON TS TEOTWELVIS AVTL-
omipiEng (e1x.3). Me v eappoyii ™g yewdoutiris pefédou emTuyyaveTal 1 HETONOT TOV HETAXIVIOEMY OTO
eniedo mpoxaHogLONEVOY duTopdV #ut #abeta o autég (dnhadi tapdilnla otov dEova ™me ofeayyag).

OL YeEWdUITIREG PETONOELS UTOTHOTOVV:

1. Ztov TQOUdLOPLONE TWV PETUXRIVITOEWY TE00 0T Yertovic Tou TeptfdAlovTog pEcOV, GO0 %L OTO REAVQPOS TG
enévovang

2. Ztov »eBOQLORG TS EMAORELNS TV dLaPOpwY HETPWY VITOOTOIENG TOL €0V TROPAEPDEL «ntd T pehém

3. Zrov raboplopt g evotdbeiag o tov fabpot aopakeiag Tov £pyov

4. ZTtov #aBopLond g avdyxng Mg TodofeTmy PETOMmY, XaTd T PA0Y XOTUOREWM|S TOV EQYOU, ETOL (OTE Va
draogalobel o anatotpevos fubude aopaieiag Tov.

3.1 Hepryoagn s diadixacias HETENOEQY

H yewmdautin péodog maparohoifnone tov eda@idy TUQUUOQQHOEMY OTM TOLWHATE UG OOOYYOS
Booiteton otic apyéc me Tayupetpias. H ordrevon yivetar diadoyind oe ndbe évav amé tovg Teels (1 TEQLo0s-
tepovg otdyove) wag datopric (L1, L2, L3; £12.3) %ot #atayd@oviat oL CUVTETYUEVES Toug. O HETONOELS
emavehopfavovral xabnuepvd péyolL T yoovix otywi mov dev mapatmeeitan emmhéoy petafoir Tav ovvie-
TAYHEVOY TOV OTEYWY, 08 StdoTnua Tepimov eveg piva and my Tonofémon tov pétpwv aviomiolEng, yio dud-
vOLEN OF oyeTiRd uxod Pain xay yu ravovirovc puBpotg mpoydotong (cuviifag 3m /uépa /uétwno). EE artiag
GUMC EQIUOTIRGY TUQAROQPHOEWY TOV ESAPOVS, TTNY TOQATAVM SLaTo YIVOVTaL HETENOELS pue Qopd Ty
ePSOUGde Y10 PEYALO YOOVIXG LACTNUE HETE TOV TRWTO Pve CUOTNRATIXG TaxOAOUBNONS He O%OTO Vo
npofheqbel mbavi aotoyic g ofjoayyas Adyw epmuopol Tov eddgovg (Kappaddg, 2000).

IrdoeLg L2 y = e
opyavou

Ere.3: l'swdarroaf ugbodos magaxoelovfnons twv magapoppdocwy oe ojpayya. O grdyor (avaxdaorijpoes) »dbe
dratourjc ovuPoliGovrar ue L1, L2, L3 (Kontogianni et al., 1999).
Fig.3: Geodetic method for the observation of funnel deformation. L1, L2 and L3 represent the reflectors of each
section (Kontogianni et. al., 1999).
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4. TTIPOXAIOPIZEMOL THX AKPIBEIAL THE ME@OAOY
4.1 A priori opalua s yewdarriens ueiodov mapaxolovinons tov ovyxliocwv orpayyas.

Ot TLpég TV RUTUxROPUPOV %ot TwV 0ILOVIIDY CUYRAIDEMV ROTE TV EXORAEY OOUYYAS VTOLOYILOVTaUL uE
paon m yewdarmnn pébodo wg eEng:
= 1) ROTUHGQUEY oUyrhlon vohoyiletal wg 1 petafolr] TOU MPOUETOOL TOU REVIQIXOU XUTORTOOU (OTNnY HAE(-
da e ovjpayyag) dedopgvou 6t o muBpEvae Tg orjpuyyas Bewpeitan apetaxrivyroc.
= 1 opilovria ovyrhion vohoyCetar wg 1 petafolti g oolldviag andoTtaons v S0 TAEVOLRGOY RATG-
TTOWV.
ZUVENGIC T OPAALATA TOV ERTTEQLEXOVTUL OTIS TUIES TNG RATAXOQUGMS #al ooldvTiag olyrhlong eival to
O@Aipore HETONONG TOU VPOUETOOU TOU REVIPLXOU RATGITOOU XUl TS WIOOTAONS TWV SUO TAEVDIRMOV KUTO-
TTOWV AVTIOTOLYCL.

4.2 Zgalpara peTONONS TOU VPOUETOOU TOU XEVIQIXOU XATOTTPOU

To ouvolrd ogdhpa TOV VTELTEQYETL 0T RETENON TOU XOTAHOPUPOY VPOUETOOU onueion ogelheTal oe
O@alpara VTOAOYLOROT TOU MPORETEOL (IO TO GRYUVO, IOV TOOHUITOVY 0T OQAALTE LETOTOEWY UTOOTAOE-
WV HOL YWOVLOV, OF OQAALaTe HEVIQWOTG, 08 O@dlpata 0TiNonS TOU #aTéTTOOU (0,= ™ TdEng Twv Smm) xa
o€ opdlpote pETonong pe petpotawvia (uETenon vpouvg opydvov, o, = g tdEng tov 2mm) (Mavréhag et. al,
1995). H eEaogdhion g otabepdmrag Tov mpopgtpou tov tubpéva (dmou Boiorovial oL oTdoeLs Tov 0pydvou,
e1n.3) yiveral pe taxtres, emavalinmures ywoootaduioels and eEwtepurd otabepd onpelo. Te TEQITTHOOELS
mou dev eAEyyETaL TO VPOPETRO Tov MBPEva mbavii avinpmor Tov (drwg my. om ojpayya Tuugonoron) Bo
odnyijoet oe havBaopgvn extinnon me fubuong me opogric.

To ouvohrd opdhio VITOAOYLOROT TG *aTarGEVENS oUyrAMONS Ut ofoayya pe yemdartini nébodo mapa-
®ohoubnong pe faon o Népo Metddoong tov Zgatudtwy (Bomford, 1971) nau Aapfdvovrag vadyn ta opdh-
WOTO XEVIQWOTS, EOTICOTS ROTOATOOU XUl UETONONS TOU Poug 0pyavou |e petpotavia vrokoyiomue: (yia
uirog oxdmevong= 25m). Opoimg vrroroyiletan #on 10 o@diuc vIoAoyLoUoT T opLldviiae olyrhiong ojpoy-
yog ®o mpoxtntel ¢ 77.5mm.

4.3 A posteriori opalua g yewdaitixng ueBodov mapaxolovbyons ovyxiiocwy ogoayyac.

H moorypamnn axoiBera mg yemdarting peBédov mogoxohotitnomg Tov meoapoppaoemy o8 ofjoayya wropel
VoL TROXWPEL CITO TIG TUHES OUYHAICEWV TOU ROTOYRAENHaY YEMAWITIRG OE OMpayYEC OTIC OTO(EC OEV CVUpEVO-
VIOV TOQAPOOQHOELS (ofjpayyeg ot rahig moldmtag Podxo pe }apnho Mpog vreprelpévay). £’ auTéc TIC TEQL-
TTHOELS 1) ENLAVON TNG VAGYELRS EXORAPIS HE TQOYQGUUOTO TETEQUOUEVWVY OTOLYE(WY TOOPAEMEL TOUATING
UNOEVIRES PETUNIVIIOELS TWV TowpdTwv g datopric. Zvvesnas ol Tiuég ovyxhioewvy mov petpfiBnuray pe ™
¥e1ion yemdamundy ped6dwy watd m duivolEn tov £gyou dev Elval OTATIOTIXG ONUAVTIKES GhAd TREELOVY TV
axpifera ™me yemdartinic nebédov ong epuppoyEg TapaxolovONGNS TOV TUQUUOQPHOOEMY OTO ECWTEQIRG O1)-
pdyyov. IMapaxrdrm eEetdlovial avahvtnd Tiuég ovyxhioewv dvo dagopetindiv onodyyny (Ejoayyae Evtatia
Zidmpodgonis Foappis Ekevoivag-Kopiviou zaw Ejoayya Aparetodvag IMepupepeiamic Aemgdpou IMe-
QauId) OTLS OMOLEG BEV UVAPEVOVTOY TUUUOPPMOELS %t BAOEL TWV YUIVOUEVIXGY TGV Ovy#A{oewy mooadio-
piCeton 1 axpifera g yewdauwtxig nebédov.

5. ZHPAITA EYTAEIA - EIAHPOAPOMIKHI I'PAMMHE EAEYZINAZ-KOPIN®OOY

H orfjpayya Towéparov omy neproy Evta&ic — Koppog N. IMepdpov davolymue ota mhaioww e Néag
Zidnpodgopnic Feappwic Erevoivag-KopivBov, To ouvolxrd wixog g orjoayyag @rdver ta 1700 m pe péyioto
vreoxreipevo tpog 120 m. H dudpetpog g dioropnic mov Ba exoxagbei eivar 12,0 m. To €pyo peheniOnxe amo
mv [TANTATA E.ILE. zou o1 epyaoieg dudvolEng ohoxinodBnxay oLy amd toia ¥pdvia mepimou ard my ®ata-
oxevaon erapic ABAE ALE. Zroygeia g pelémg tov £pyou avihifnxay and 1o 1eiyog pehéTg Tou £Qyou
mov ouvtdybnxe andé myv ITANTAIA E.ILE.

5.1 Tewloyia g megroxns - lewteyvixny ralvounon Poayouaag

Tewhoyd oL oynuatiopol mov epgavitovran zuolng eival atobgotic IMheroronouvinng nhxiag, ol omoleg
nepthapfdavouy yohaor apyuthadn dupo pe yohinia xatd Boeig xat ot CUVEXELL Appo e 1 ko hatimeg. Ou
vroxeipevol aofeoctéhbor yivovral AemtomhandOels pE EVOLOTOMOELS WaPUITIKGY poydy. To vrépabpo m
neguoyc wroteheltar and Konudwoig aofeotéhboug pe xepatohbirols #ovdukous mov otw avitepn oTowm-
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pata givon kemromhaxddels v Pabitepa yivovran mayumhoradels. Zro oxnpatiops avtod Ba diatpnbet ohd-
whnon 1 onjoayya.

H to&wvdpnon me Poaydpalog xatd wirog s ofjoayyas €ywve pe ta ovonjpata Bieniawski (RMR,
Bieniawski, 1989) »au Barton (Q; Barton et. al., 1974). Me Bdon to zotmjoro Bieniawski n yurj tov RMR extyui-
fnue and 32 wg 61 (rwyi /zamyopia IV og xahij /ramyopia IT). Bdoel tov »pimeiov tov Barton 1 tipj Tou
delntn Q extynjnxe én Bo ropcuvéray ané 0,27 wg 8,00.

et pjxog 200m owd To pETwmo eLo6dou avapévetal va ouvavnbel aofeotohbins viud pe deintm RMR=61
(natnyopic IT) o pe vreoxeipevo mov xupaivetan and 20 wg 45m. H avdlvon mge ovjpayyas pe pébodo meme-
UOPEVWY OTOLYE(WY TOOPLETEL PEYLOT TL] RaTeGoUgNS HETarivIoNS TS opogng 0,7mm (vrepxreipevo 60m;
en.4). Eivol moogaveég 6Tt 1 avape VOUEVY] RATarOQUET METaxiVNON exTudTal juxrpdteen and 0,7mm, yie to
VIEPREIPEVO TPOS TOV VIGOYEL OTO eEeTalouevo wirog mg ofjoayyag (<60m)

Etx.4: Avilvony ue mpdypauua wenepaousvoy orogieiov. Ipoflemdueves xaraxopupes ueTaromioels Tov
Toywudroy ™ onjpayyas tov Evra&ia (oe mm).
Fig.4: Finite element analysis. Estimated subsidence of Eytaxias tunnel ceiling and walls (in mm).

5.2 Tewdaitizd otocyeia

O Tipég ovyxA{oEmV TV dATOPOV TV RaTayQdgN®ay OTO T TS LIdYELag otdneodpojric 0dou yiu
1o mpditae 200m Tov jrovg g rapovaotdloviat omy £1x.5. H poogr ®at 1o £U00g g petaxivnong eivar voet-
ATUAN YLoe OheC TS LOTONES O TaparokovBotiviat ota TPt HETOM TS ONEaYYAS. ATTG TV ELX.5 TQORVTTEL
AT M SLaRTPAVOT] TOY TUQUTHOOUREVOY TGV ROTARGQUGNS HETATOmONG elval =4mm.

10 T T T T
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Eue.5: Parvouevizéc uerafores tov vyoucroov tov xevroixov avaxlaorijoa (L1) o8 avrimposwmevtixd onueio s
onjpayyag Evrakia xard m dudgxeia perorjocwv oe didotnua 2 mepimov unvav. Ot uetafoles avres foioxovrar oe
Gavy wAdrovs +/-dmm xai dev exgodGovy mpayuatixes uerafols, aldd vy afefaiotyra Twv perprocwy.
Fig.5: Apprent elevation changes of the central reflector (L1) height at a representative position of Eytaxias
tunnel for a two-month period. The changes range between the values +/-4mm, which is not real tunnel deforma-
tion but express the method accuracy.
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6. ZHPAITA APAIIETEQNAL [HEPI®PEPEIAKHE AEQ®OPOY IIEIPAIA

H vré naraorev [Meowpeperani Aewpdpog Tov TMewpand mepthapfdver my xataoxew] duthic apayyos
ot Apametouiva (mepLoy epyootaciov AEH). To pixog e vadyeias 0dov eivar 220 m pe PEYIOTO VTEQHEUE-
vo 40 m xow dudpero 10,0m. To €oyo peheninze amd my A.A.P. Zvupovior Tewteyvizol Myyavizol ETLE. H
OudvolEn me ovjpayyas Poloretar oe eEEMEN amd TV Rataorevaotil etaloic ABAZ ALE.

6.1 I'swloyia s aepoyijs - Newteyviaj raivounon feoayouatas

Zippave [Le T YEDAOYLXI HEAETY OL OYNRATIOROL TOU SOUOUY TNV TTEQLOYI AVITKOVY OTOUE VEOYEVEIS Ot
TLOPOUE ol TEQUACUBAVOLY (TG TOUE TUACLGTEQOUS TTROS TOUE VEGTEQOUS KITOIVES GUIOUYESC NAQYES ILE EVOTOU)-
OELC #OORGAOTOYWV, Poyaixovc aofeotohiBous e AETTES EVOTOWOELS YAUPLTHY, HAOYES RITOWVOMEUXES HAL
TOPWOELS VAGAEVHOVS (oPeoTOMBOVS 0T AVIITEQM OTOWNTL.

H yewreygvin ta§wvépnon g foaydnatag €ywve fdoermg pedsédov Bieniawski (RMR), g pefddov Barton
(Q) now g pebddov GSI (Hoek, 1994). H i g mapapétoov RMR extynijbnze 41 #au 61 (pétor/zamyopic
T wg wahi/zamyopta IT) yia dud Tnjpata (A o B) tov #uping tnjpatog mg exoxagric. H abuovépnon rard
Barton €dwoe tipég me mapapérpov Q 4,0 ko 16,0 zaw 1 fabpovipnon xard GSI €dwoe tipuéc GSI 41 wa 60 yia
T Tjpara A xan B aviiotoyo. Zmy napotoa pehét eEetdleton wijxog S0m (pe vrepxeipevo 25m) Tov tnjpa-
to¢ B 010 omolo mpaxtind extynjdnxe 6t dSev avop€vovTal HETATOIOELS TG 0QOGIS TS ooy ac.

6.2 TIewdartixd ororyeia

Ot Tipég ouyrAOE®Y TV SIUTOUMY TTOV ROTAYOAENXAY OTO TRIjHa TS vIdyeLag 0dot mapovoudlovral oty
1.6, Omwg #aw oty mepimtwon g ofpayyag tov Evta&ia n popgi] i 1o edgog g petaxiviong eival evdet-
ATLHY) Yo GheG TIC dratopég mov aparokovBoivial oto vroeEETaon Tuipne e ofjpayyac. Amd Ty e1x.6 Tpory-
TTEL GTL 1) DLORUUEVOT| TV TOQUTIQOUREVOV TIRMV RATAROQUENS HETATOTLONC Efval £4mm.,
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Eux. 6: Parvouevixés perafolés rov viousroov tov xevrgixov avaxlaotijpa (L1) oe avrimgoswmevtixg onueio
™5 orjpayyas s Aparerogvas xard T didpxeia perprjocwy oe didornua 3 unyvav. Ot perafoléc avréc
Poioxovrar oe Ldvy mAdTovg +/-dmm xar dev exqpodbovy moayuatinés uerafolss, alid my afefaidrira v
HETOIOEWY.

Fig.6: Apparent elevation changes of the central reflector (L1) height at a representative position of Drapetsona
tunnel for a two-month period. The changes range between the values +/-4dmm, which is not real tunnel deforma-
tion but express the method accuracy.
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7. EYMIIEPALZMATA

Evih 1o Bewonuxd povigho delyver 611 n axolBere elvan 8mm, TOaypamés NETOHOELS OF ONEaYYES GIOU
OEV AVALEVOVTUL TUOUUOOPOITELS EOELEY GTL OL AVTIOTOLYES THHES Hupaivovtar oe Loy mhdtovg £4mm (O6pu-
poc petorioemy), #ou 1 omoic ovvemmg exqedlel v axpifeia me pebédov oe cuwnibelg petorjoeis. Me fdaon to
TUEOITAVH) CUUTEQUOM EIVUL TROPUVES GTL TUEUTNONOELS OUYRAOEWY PE £V00S UKOOTEQO G =4mm Oev
E(VOL OTATIOTIAA OMPAVTIZES RO OUVETHS DEV TEQLYOAPOLY T1) CUITEQUPOOE TOV Eddpove. AVIIDETH, HETONOELS
AV QIO TO OQLO CUTO, (v £X0UV YIVEL LE YOO TOV TOONAYOUPWV (Y. CLOTNUATIAN ETCVARETONON TS
OOEVONS), PE EAEYIEVA GOYaVE, O CUVEhjrRES OYEOGY OPOLOPODEPES, EAPOGLOUY TNV TOUYRATIXI] CURTEQLPOOG
TOU EDGPOVS. AV GITELITE T VEL VI VEVTOUY TUOUUOOWPMOELS IAOGTEQES Twv 4mm, B mo€nel va epaopdlovral
arheg pEBOBOL, Ty, HETONOELS PE EEQVUYRUONEVES REVIDWIOELS, YEMUETOLAN XwEooTdBon e Paoris devamg
# AT

Fupmepaoparizd, pacel Tov Bewpnmixol mpoodloptopnot e axpifetas e pebodou wol TOUYPOTIRWY |E-
TONOEWY OVO ONEAYYWY, TPOXRVITTEL GTL 1) YEWOWITIXI] TAPUHLOAOUINON TV PETUTOTIOE WV TV TOLYOUATOV O1f-
ooyyag Tapovaldlel onpavtrd TAEOVERTHaTA Rou Ba propoloe vo aviirataomioet Tig pebddovg rataypogpris
TWV TUQUUORPWUIEDY TTOU YONOLHOTOLOVVTUL UEYOL OTUEQCL.

EYXAPIETIELZ

Evyapiotoipe my rapaorevdotpia etapio ABAZ ALE nat duitepa tov 1. A Teoogon, mov pag diéBeoe
T OTOUE(C OUYRAICEMV KOL OTOLYE(C TWV YEWAOYIRMV KUl YEWTELVIRGY PELETEY TwV duo Eoywv. Emiong evya-
pwototpe ™y etauplen TTANTAIA EJLE., 1 omolo pag tébeoe emmhéov otouyela g HEAETS TS ojoayyag
EvtaEia.
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TEXNIKOTEQAOI'IKOL XAPTHX
THE EYPYTEPHZ IIEPIOXHX THX ITOAHX TQN ITATPQN®
I. KOYKHE', A. POZOE’, N. LAMIIATAKAKHE'

ILYNOWH

MEeAETAVIQL 0L TEXVIROYEWAOYIXRES quvBires TS evpUTEONS TEQLOYYS TS TGANS Twv TToTpwy, nataypdgo-
VIOL T YEWTEYVIACG TEOPMIPaTO TOU CUVAVTHVTAL %ol TEM®E OIVETOL O TEYVIXOYEMAOYLXOS XAOTNS auTig, oV
aoyrd ovvdynze oe xhipaza 1:5.000. [MpGxrertan yio ydoT TOAMTAOT 0ROTOV, CUVOTITIZOT YUQUATIHO KoL
UEYAng »Alpaag, OToV 0ol OL TYNPATIONOL TOU ouvavTavTaL opadomondnxay ot évrexa (11) MBokoyiroig
timove. Etdindrepa daxpibnzav dio Mboroyixol timor avlpwroyevay anoféoemy, TEVIE TOGOQUTOY YEMAO-
YIHOY TYNPATOpEY, dU0 TOAMGTEQ®MY TETUQTOYEVHIV UYNUOTIORGDY %ot TEAOS DU0 TAELO-TAELOTORLVIXGV 10-
PATOV, OV AROTELOUY %al T0 Yewhoyrd vdfabpo e meployis perémg. Zrovg Televtaiovg eppaviic eivar n
exdMfwon aotoytdy Teavev oe BE0ELS CUVOUOONOT DVOREVIV HOQQPOLOYIXWY Xl VOPOYEMAOYIXMY TUVENRUV
e avipwmoyeveic mapepfdoeis, mov Bu mEEnerl va Aappavovral VTGN OTo O}ENUOUG TEYVIRWY EQYWV,

ABSTRACT

In the present study, the engineering geological conditions of Patras city wider area are given, the mani-
fested geotechnical problems are recorded, and finally the engineering geological map of the area under study is
compiled, based on the interpretation of the available results.

According to the guide of the preparation of engineering geological maps, which was prepared by a Com-
mission of IAEG and published by UNESCO in 1976, this map is a multipurpose, comprehensive and of large
scale one.

In that map the geological formation encountered in the area under study were grouped into eleven (11)
lithological types.

More specifically, two (2) lithological types of man-made deposits (recent and old fills), which cover with
small thickness (less that 4m) the Quaternary formations and Plio-pleistocene sediments at some places, were
distinguished. The recent Quaternary formations in the studied area were distinguished into five (5) lithological
types. namely those of marshy deposits, coastal sands, river bed deposits, Holocene deposits, as well as weather-
ing materials with slipping masses in them-products of old slope failures.

The above geological formations, usually with a thickness of some ten meters, are loose materials and show
a bad geomechanical behaviour. Thus, they should be treated as difficult grounds, and so they need proper
manipulation in the case of the foundations in certain constructions.

The old Quaternary formations were grouped into two (2) lithological types, namely those of alluvial and
diluvial deposits. They are formations of high heterogeneity and non uniform geomechanical behaviour, which
should be studied in detail in every case of human activity.

Finally, the Plio-pleistocene sediments, which consist the geological basement of Patras city area, were also
distinguished into tow (2) lithological types: Pleistocene formations and Pliocene sediments. Referring to these
formations, which show a wide surface development and a considerable thickness, the combination of unfavour-
able morphological and hydrogeological conditions with human activities favours the manifestation of slope
failures, such as landslides, creepings and/or earth flows. This behaviour should be seriously taken in mind
during the planning stage of the various technical works.

KEY WORDS: Patras city, Eng. geological map, Lithological types, Geotechnical unities, Geomechanical
characteristics, Geotechnical problems, Urban planning
AEZEIL KAEIAIA: TT6An mc Tdrtpac, Texviroyewhoyinde ydome, Atbokoywrol timor, N'ewteyvinég evomreg,
Tempnyovind yoooxmolonxd, Fewteyvind mpofhijpata, AoTinég oyediaopdg

* ENGINEERING GEOLOGICAL MAP OF PATRAS CITY WIDER AREA, GREECE
1. Department of Geology, Univ. of Patras, Rio Patras.
2. Eng. Geology Dept. of IGME, 70 Messogion Ave., Athens
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1 EIZAI'QI'H

Zmy maeotioa PEAETY, OIVOVTOL ILE AETTTOUEQE LKL 1] (PUOLKY] HUTAOTUON KOt O TELVROYEMAOYLZO! JUQUATIOES
TOV OYNUOTIORGY, #aB0g ®ow o yemTeyvind Tpofhjuate mov eviomiCovial oty evoUTteQn] TEQLOYY ™S TOANS
tov Tatpov. Ta orouyein autd, mov £x10g and Ty faorn] mhneogdpnon mov xupeyouy fonbovy xol oty
HOMITEQY RUTONVONON TV LAEDUPIAWOY CUVONREY OTNY TEQITTWON PEAETNG 1] RO ROTAOKEVHS TOV TEXVIRWY
€oymv, divovral pe TV xahitepn duvam| TROoEYYLON %ol BUoikd HIOTURHVOVIL OTOV TEXVIKOYEWAOYIXG YH0-
1) IOV CUVTayBNxE Yo ™Y TEQLOYY EQELVAC.

H evpiiteon meowoy ™e néing mg Mdrtoag, mov pekenifnxe evromiCeton oto BA/«S tijua tou vopod Aya-
Tag(Zyjpa 1), mov mépa amd T ouyvES %ot Tomxd ToMi 0oPupfc aoToYlES TOAVHV TOV YUEUXTNOILOUY RUpLH
Tovg [TAELOTAELOTORALVIAOTE TYNUATIONOTS, OL OTOIOL UTOTEROTY %o TO YEwhoyixd vrdfabpo g Tokng, vgi-
OTOTOL %O TLG OUVETIELES puag EVIovNg oelopg dpaomnodmrag. Ta moofhijpata avtd eival mohi cofapd
1OLTEQC OF JLLOL TURVORATOLNILEVT) TEQLOYY] GG 1) Tdhn g TTdtoug, 6mov pdhiote o8 CuyRERQLUEVES TEDLO-
%€g ™G £xouv mpoxrahéoer onpuavnres Tnués.

Mop@ohoyird 1) TOA QVURTOOOETML 0TS OUTIKES L VOTIOOVTIRES TUQUQES hogoelduv £EGQUEmY, o
amotehotv dutird aviepefopata tov dpovs IMavayaixd. Toewg wiplot vdpoyoagizol dEoves diaoyCovy Ty
TeQLOY nehémns pe dieibuvon mepimov A-A zou fonfotv oy amopom] Twv enupaveLaxdy vepauiv. [Tpdxertal
amé voTa meog PooeLc, Yo Toug motapots Fhaixo, Avaxovidon #at Ekexiotoa.

Tevind, 10 POOPOAOYIRG QVAYMIPO TOV EMHOATEL OTNY £VOUTEQY TEQLOYY amotehel mTOOIGY Tg EVIovNg
TERTOVIXIS TV PeElldvov SLpOEEMY — ONYRATOY, TmV AvOSLLMOY RIVIJOEWY OV €0y AAPEeL yWoa oY TEQLO-
w1 7o oL omoieg eEaxrohov0olv va EiveL EVEQYES, arON) KOL OTHEQW, GT0S QPUIVETUL GIT0 T1) GELOUIKXOTTO TG
TEPLOYNG, %BAIS et TV Ol POWTLRMY DLEQYULOUHY TOV OTWODHTOTE YU £WS LETOLUS CUVERTIHGTITAS OYNIe-
TLOWGY TOU T1] DOHOBV.

Zyrjua 1. Xdotns evromiouov e mepLoyis uelers.
Figure 1. Location map of the study area.

O oympaniopol autol mov eival EVATOodBoWTOL, 08 CUVOVAONG [E TNV UITOTOW] HORWOLOYIM, TNV TEXTO-
VRl TOUG ROTATOVNON ahhd xor Tig Widalovoeg rhpatohoyirés ovvbiires g mepopic eEarokovboly va vrd-
HEVTOL 0TV EVIOVN) DPA0T Twv arooclomTiniy - SlafowTiidy Tepayovimy, 1 omoln uvoel ®at t) dnuiovoyic
ovvbnzov aotdBewas ota moavy (Koukis-Rozos, 1982, Koukis, 1988, Koukis-Rozos-Hadzinakos, 1996).

O yodpog avdmrvEng e owmwotitig meotoyis ahhd xar ™g Propmyavixis Lovng e molng mapovoudlet
UETOLEG HAIOELS, TOU YIVOVTCL TAEOV LOYUOES 0T (VEITEQC TIUOTN TV TQUVAV TWV UDQOYOU@IAY GEGVOV.
"Hmeg »Moglg Slepop@ovovtal oty maodita Sovn ot dutird alhd xot 0to voTo tjuc ™me wohng, 6mou wal
ot dehrairég Laveg Thatrov ol Awerovidon.

2 TEQAOI'IKH AIAPOPQEH, TEKTONIKH KAI ZEIEMIKOTHTA THE IIEPIOXHE MEAETHE

H evpitepn meploy] avdatvEng mg mékng me Tdroas, evromiletal »ovid oto yhpo emdbnons me yew-
textovirng Lovne Qhovol — TTivdou wdve om Lovn Fafedpou, Ta Djuata ™mg onolag (@hioyng) qoivetan va
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amoTeAOUV 10 pecolmixd vrofadpo mg noing (Todgiag, 1980), mov nuhvrretan ard (Gijpcra tov TThetomhet-
OTOXRAIVOU PEYEAOV TAYOVS.

Ta TMhetomhetotonavind (ijpara ov ralimtouy Ty TEQLOyY, Evidooovial omy nuatoyevy hexdv Tou
Matpaixou (PéLog, 1989), amotedoiv 10 yewhoyind vdfaboo g 6 #ot AGYm TV Eviovey avodiutdy xivi-
oemV oL anuelninzay zatd to Mieiotéravo (epi to T€hog e ypatoyéveons) ot Bukdootes kot vdAVPES
LEMTOPEQEIS PAOELS AUTHV PETERaLvY 08 AMPVIIES #oil TEMRA OF UOQONEQEIS TOTANOYEDOUIES, TTOV CUVENVTEH-
vIon OYREO OF VPORETON peyahitepa Tov 200 pérpmy,

Fevird 1o ovvold Toug mdyog, 6mwg damotdveton and Prhoyoagixes avagopis, @daveL 08 apreTég
EXATOVIGOES HETOM. ZTIC XOQUPES TWV UVTEQELORATMV %O YEVIXG RUTA WIROC TOV #0QUEIHV Twv Logoetduiv
eEdooeny, ta vrdyn Wijpara xahintoviar ard Sthovfianés amoBEoEls (MKTES PAOELS XOORUMDIV=YOAiRMY,
YNPOWV %ol AETTOUEQMY UE NETOLO TUVEXTIAGTIITCL), TO HEYLOTO TEYOS TWY OMOlWY Efval TS TAENS Twv Afymy
denadwv pétpmv,

Enfong avyypoveg moooywoeis 1j o amofEoeis xothddwy £xouy peydin emgaveioi avaamuEn ot maod-
#reg Coveg ot fooeta vt vt Tov Tohe0dOXOT CUYROOTIITOS PE A0S TOU (POAVEL PHEXOL HORETES dEXd-
SeC PETROV, EVO) TOTURG OTO TEOWY] evTomiCovian amooafpdpata wor ohotnuéves natec.

ARG TREVDAS TERTOVIHG, KURIUOYO YEYOVOS OTOV EVQUTEQO YOO EQEVVUCS EIVOL 1) YELTVICOT TG [LE TERTOVI-
#EC TAPOEOLS pe olyyoov YEmdUva eEEMEN. AUTi 1) TEXTOVIXY DLUTLOTAVETAL (g’ EVOC WEY (6 TNV LOYVOT]
PORPOROYIC TOV TUEOTNEETL TEQX QTG TOVS OYNUATIONOUS TOV Amirod vIOPAEpOV XaL OTOVUE TAELOTAELOTO-
HOWVIROUS OYNUOTIONOTS, OV TOALES (oRES datéuvovial arnd ouvinuaroyevij offypare xot ag’ eTépoy and
mv exdihwom avEnpévng oelopxTE dOUOTNOLGTNTAS 0TV TEQLOYT. AVIQPOQLLA HE Tct OIYIETC TTOU YUOURTIOI-
Covv v evpUTEQEN TEQLOY PEAETNG, ONUELDVETAL 1) TapOVoic PElEVaV TerToVIXGY diapoiEemy e dietBuvan
#oplwg BA/ - NA/ non BA/un - NA/j. Ze autég zaw #uplog onig SeUTEQES, EVIAOOOVTEL TO Oy ILOTe EXEIVE
TOU SLAPOQPWVOLY T GOLO THV TEXTOVIXMY AEXAVEY 0GOEONS TOV VEOYEVEHY IENUATOV, TOV ETXOUTONY 0TV
mapethiona Cov mov eEetdletan. TEtoteg pelloveg AOUVEXELES EMXQUTOUY XOL HEOCH OTCL TAELOTAELOTORAVIRG
ijnata.

To mhéov yaparmolotixd Tapdderypa evég TEToLov Oifypatog elvar owtd mg Ayiag Towddac, TTodrertal
Yue T TAEOY TEOOQAT EVEQYOTOMUEVO 00aTé Oiiypa oty [Meorox]. To ofypa auté mov avédpaae e Toug
oelopovg Tov 1987, mpoxdheoe Inueg oe notaoxreves, yijneda, om owdngodpopux youpwi ahhd xol otov ma-
QoAard SO0, HE TAEOV EVTUTWOLOEA] T1) DIGTUNON TOGOPUTWV ETYOUATHOENMY OTNV Al

H duveyusii péomion Tov oynpomopdy and tovg ovyvoig afabeic waw ouviBog peydhov peyédovg oetoporic
amotehel Eva 6 Tovg Puotnols TaodyovTes exdihwong xatohodnuxdy Quvouévwy 6mwe ohobioels, wota-
TTHOELS, QOES £dupV #AT. XupurmoLoTixe Tapdderyia arotehotv ol oetopol tov 1965-66.

Ané ta Bifhoyoagund dedopéva (Tamatdyog B., Mawaldyov K. 1989), mpomintel 61t o1 oewopoi peyédove
>5,5 mg #hipanag Richter, mapovoudlouy ouyvij tepiodo exavainyms. TUPTEQUIVETAL, CUVETWE 1) LEYEAN OEL-
opxrémTe xabwg xa o jmhos Bubpdg oelopig emxvduveTTag ™ TEQLOYIG.

“Erot, o EMivindg Avtiosiopuxég Kavoviopds E.AK. 2000, (Y.JIE.XQ.A.E.- O.A Z.I1., 2000) zatardooet
mv TEQLoyN pekétng omy woyopic 1T Ldvng oelopmis emuvduvetnTag, He oelowx emtdyuvon eddgpoug A
= 0,24g.

3 TEXNIKOTI'EQAOTITKOI XAPAKTHPEE TQN EXHMATIEMON

Tl Ty TANEECTERN XATAVONON) TWV YEWTEXVIXGY OUVONRGY TOV EMHOATOVY OV TEELOYT] HEAETNS, YON-
opomoujinxay 1o ATOTEAEONATH TWV ETUTOMOV TEYVIXOYEMALOYIZMV EEETATEMY ohhd %ot GAe TCL YEWTEYVIHG
OTOLYELR IOV CLYHEVTOUION Y £iTe (TO PIBAMOYOUPIRES AVAPOOES EITE UG EXTETAUEVO YEWTONTIXG TOOYOU)-
pa wov extehéomxe omy mepoyy] and to Mavemonjuo Hatodv. Me fdon to mopiopoara Ty Tooamdve epev-
VGV, 0L ETOUATHOELS %At OL YEMAOYIROL oyuattopol Tov dopotv ™y mepLoyy, StaxoiBnrav o £vdexa (11)
MBokoymoiic Timovg, oupgwva e Tov odnyd ms UNESCO - IAEG, 1976 (Sxiuc 2). Ot texviroyemhoyizol
AOQARTHOES TV TUMWY auTav, £ival oL axdhovbol:

Hgdogareg emyopatrdoes (Urala), wrd eXoRAPES OLOTEDWY, SIAUOQPHOOELS XHOWY %ot HOUTEOUPIOELS
OLOOOUMY, TOU Exouv amoTelel Ge OUYREROILEVES TEQIOXES 1) XOMOLpOTON] Aoy yie: T SLapdppmon Tunpd-
TV TS TeAxTIOG Tovng. Yiumd aoivdeta thuooppddovs »uping oiotaons, pe adpopet mowiing mooéhe-
ONG %O PE AVUOUVOUEVO OF EVREN S TTayos and Oéon oe Béon (1-6m).

loroguixég (Iahaiég) nar vedtepeg emympatdoes. Madalo and Quokes 1j TEXVNTES HUTUOTOOPES OALOTI-
ROV TUNpATeY e T6Ang pe Boavopata doprdy AiBwy, ®epGuovs, emyolionate o AOUTd RATAOREVAOTIRG
vhird, avaurta pe 80rolc OYNUATIORONS IAWoappdOoUS xuping atotaons. EvroniCovrat oe peydho tojua
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T ®OUTOWNUEVIS TEpLOoYS, #uping onig Béoels e Popainis xar Bulavuviig téing, dmov rohirouy didgo-
QOVS TYNRATIONOTS, eV Eppavilovy mdxog ov xupaivetar axd 0.5 émg 4m mepimov rard Ofoeic. Kahimrouvy:
Alboupraxéc atodéaeic, Thetotoravied xou Migoravind Cipata.

Tevaydderg anodéoes, ad appoihvddn fwg coyhoiluddn VAXA, TEPEOT £0g TEQPEOTOATIVOU YOWHATOS
L€ QPUTLAE VTORE(PPOTA #att 00y avird. Eynuaniopog Tohd FOUAIE QEQOVCUS IHUVOTITAS ®ul VMAIS OUPTLE-
OTOTTAC, OV £(VaL ROPEGHEVOS AGyw vymhric otabpung tov vdoEepoL 0pToVTa, YEYOVAS TOV (TeuTel TS
gEuyicvor Tov, oe mepimtmon owotig avdrtung. To mdyog tovg dev vreoPaiver ta 5-10m.

Hapdrtiee Gupot. Appot, Ym@ideg, ydhnes motrihov peyEBoVg i HPOXALES TOV ROAVTTOVY TV TUQARTICL
Livi T TELOS TOL YGo™ OF onpaviia £xteon wat etpog 20-80m. Xahaoog OYNPOTLOROS UIKEOT YEVIRA
ndyove (7-16m), ouviifog Troyd StePaduopEvos pe peyaho T0OMOES, kot XY £ws TOM yapnhi auvoyr. H
CVEPEVOHEVI THIT TS PEQOVONS 1RAVETITAS EXTUHATAL Yapnh, VG (UT] TOU CUVTERECTY VOQOTEQUTETNTOS
vymhi(k=10"-107 em/sec). Tevind otig BECELS TV MUEVIZOV EYRATAOTAOEWY OL OYNUATIONOL autol ®ohirro-
VIO (6 TQOOMUTES EMYWUATDOELL.

AmoBE0ELS %0ITIS TOTAPGY %at LEWRGQEOY, U6 UdQONEQT YUAUO £0F NULOVVERTIAG VALAG, RO HOAMHES
nowih@y SleoTaosmY, Auiove, YMeideg, xpordheg ®at apythoilvddoug ovotaomg AeTopeo vAtd. Fevind o
adOOJEQY ooty E(C OV EMMOTOUV, Eiven aopeotohbixic 1f rat xepaTobbinlg TOOEREVONS. ZYNUATIONOS (-
Enuéviig vOQOTEQUTOTITUS LE JUKOY) ETLPAVELLRT] CvAmTUEN (HOATTEL TLS HOITEC TV TOTURWY RO LELUAQOWYV),
£ve) MGy OlXODGINOMNE TS TEQLOKIS 1] ERPAVION TOVE TEELOEICETAL apxeTd. To mayog Tovg ZupaiveTal avdhoya
jLe TV TAEN Tov udEOYoUQIKOT dEova oL T LAOEEVEL, dnhad vl UrEG 0TOUE YEYLADEOVE %L ONUOVTLILG
otovg motapovg (.y. TAainog), 6mou extpdral 6t vrepfatver T 10.0-20.0m.

Ohoravinéc amoBéoeis, Muvobuhdaoiag mbavitota Toghevong ard ®uoravorodave agythoilumdoug
gloTtaons VAKG e ured TOo00Té Appon %ot EAAoTES YMEIdES. ZyNIATIONGS ROQEOPEVOL, UETOLOC OUNTTLE-
OTETTAS, LOUNAS PEQOVOAS ROVOTITAS %L PELWUEVOY YEWUI{AVIRHV HOUQOATNOLOTIRAIV, TTOV amenTel fehti-
OELS YLOL OUALOTIRY GVATTUEN %o Tomnd €xeL vohinper epeimo apyaiov xuopdrwy Adyw fibong mg TEQLOYNS
avarTuEic Toug. To 0paTd Tdyos Twv amolEoEwy oUTdY ExTiudTeL ™S TEEEMS TV 2-3m. TO TOAYPATLHE Qaive-
won vo vepPaivel ta 12m, eve) o€ pepirés meputadoelg qidvel ta 80m

Mavdvas anoodBpwong »ar pdteg veoyevay nudroy, mov epgaviCoviar petarivnpéves, mbavov AOYm
petaBetindy ohobjoewv. O povdiag amoteheital and aEYhOTMVGOIN-cupoilvhdn vhnd TEQQORITOLVO YO~
LOTOS, AUUO %o purpd BoaopaTte HoQYairng “at Ppoputxns oUoTeons, He oS Ymepideg #an xdhineg. O
ohoBnUEVES PALES TV VEOYEVAY EIVaL OYIROPCOYUTXIG 1] %ot CppmdOUS RUOLWG TOOELEVOG OV ECY OV GOy~
% otk PabPG duaryéveong ahhd om onpeowvi] Toug BEom epgaviovion YuhaQWREVES xat HE vroPabpiopéva
TOL YEWUNYAVIHG YUQUATNOIOTLRG TOUE, AGYm peTarivions.

Tevizd 0 UrTOS OYIATIONGE TOVG HE Tot DAKA TOU pavdio efvan emdexTis oty exdilwon aoToqudy pe 1
OO TEQLOTQOMIRMY OMOOOEMY, EQIUONMY 1] %ol ESUPIAMY QOWY, YEYOVGS OV amoutel TV TQOCERTLXY
ducryelonon Tove yu ovotinég 1 houtég texvinés Spaomoidmreg. To mdyog Tov pxrtol autol OYNUaTLopol
wupaivetan o 1-3m oug Ogoeig magovoiag xabagot pavdia arocdbomong wg 15-20m, oe Béoewc pe CUENUE-
Vi) TV Tepovoie Twv ootnpévey palov.

AlhovPranés amoBéoerg: oUYYOOVES TOOOYWOELS 1] %O ATODEOELS KOMADWV RUTTAVOU XQWUATOS, IOV 71~
QOVOLALOVY EXTETUPEVY EMPAVELCAT] AVATTVEN OTO TEBIVE TIjIC TS TEQLOYIS #au ouvioTavial axé apyhot-
huadn vhd, TNhove, GUEOUS AETTORORUES E0C HEOGHORAES, YNPIDES RO XAAMHES PE TOOOOTE OV HVPAVOVTOL
ané Oéon oe BEon. Tevind nagovoldlovy tayeieg petaforés mg Mboloyuic oiataong, T600 ratd Ty 0p1Eo-
VIO 600 %OL ROTA TV RATORGOUPO avATTUEY, YEYOVOS Tou TEOODIdEL EVIOVN ETEQOYEVELX HUL VOUOLOHOOPY
yewpnyaven] ovpmepupopd. TModxerton Yo xoha0d €0g NLOUVERTIZG OYNUATIONG OV yapaxmoiteTal amd
yopnhy €mg péon ThaoTHGTNTO Rt (apnhy €02 HEToW VdROTEQUTOTTH, EVE OUVIHWS avaTTTiCOEL vdpogopo
0pitovia e ouyvee dranupdvoeic om otdOun Tov. H évrovn etegoyévera xou ) emardclovtn evoeia Hipoavon
TOV YEMUYAVIXDY LUQUHTIOLOTIZOY TOU OYIATIONOT 08 GUVOVRONS PE TV EVEQYO TEXTOVIHY %o TV avOpod-
v Spaomoidmra (vrepavtiioels Ataxovidon-Thatxov), odnyotv omyv e1ONMDON CLOTOYUDV EITE WE T1] HOO-
@ TOMADY ESUPULOV VIOKWENOEMY (PUIVOIEVH GIGTAVONS ROL ECWTEQLRNG OuGfowong), eite pe T popgn
gvpfav xafihioewy Te TaEng Twv 0.5m (mepLoy epyootaciov Mewpainic-Tlatpaing xou tapdhia Lovn). TE-
20¢, T0 Tdyog TV amofEgEwY auTdV XupaiveTal ot evEiTeEn TEQLOY and 5-80 m.

AthovBraxés amoBéoerg prmdiov: Evionilovran ot drpa mg TEQLOY|G TOU xaproypaqibnxe(Tleployég
Xapadoov ad avatohud, Avaxovidon ®ar Fhaixov ard dunzd) wow arotehovvIo ad WHTES PATELS #QORM-
M — yahizov, Yneidov xo hemtopepadv. Ta tehevtaic, mov eivar apyihoihieg pe dupovs, £Y0VY rES TOoOo-
OT6 %o TQOVOLALOUY Yapmh] ThaoTréT T ®an PEToW ouvezTrdmTa. Ol %Qordhes zow oL GMHES TOV ot
pOVOLGELoVTEL CUVITBME Rhd 0TTOCTEOYYUAEVEVES, Elval xiou aoBeaToMBIg wow omavidTeQa xeQuToM BRI
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noghevamg, v To pEYeBOC Tovg gldver Ta 15¢m 1j o xatd Ofoeis ta 20cm. Ttoug avatepous opitovies %at
TOUAGYLOTOV ETUPAVELRE ETHOATOUV Tt 08Q0UEQT OTOLLElC((AMAES - ROORGAES), EVE 1 GCUVORXY YE@UYQVL-
#1j CUUTEQUPOQA TOVS EAEYYETOL ®UQL 06 T drafdBpion o StevBémnom Twv MBoloyxey povdduy, rabg
HOL TO PUOLKA KAL PNYOVIHG (UQOHTNOLOTING TV AETTOROXHOV, TOV 08 GALES BEOELS HOTAVEPOVTOL OPOLOHOD-
o pe 1o adoopepr], evir ahhot taEwopotvial oe Suaxrpirols opitovies, mdyoug 4-8m. Téhog, ovyvée amo-
OENVHOELS TOV 0QIEOVIOY QUTGHY OMUELDVOVTUL ¥OTd TNV 00LLGVTL %o #aTaxdpugo. 10 GUVOAG ToU 0 oYN-
paTopos epgavitet 0pllovia Peudootewar, oToyelo IOV SikeohoYEL Rl T1) CUVERTILGTITG TOU, 0hAG %o T
pewmpévn vdgoregardmrd Tov oe fabog (tepatds empavelaxrd, nuegatds oto fdbog, k péxor 107 cm/sec).
To mayog TOVg EVOL ONUAVTIXG Ko RUMAIVETOL anté 6m uéyol peoines dexddes pétowv (>60m).

Iivaxag 1. Evpn tiudv Tov xU010v Quoxounyavixey yagaxmoiotixay tov Lboleyixdy tinwy mov diaxpit-
xav oy meptoyf s woAng rov Marpov.
Table 1. Ranges of values of the main physicomechanical characteristics of the lithological types which were
distinguished in Patras city wider area.

OpLo Yypd daiv.| duoikf [Avepndd. | Agiking Zuvoyxn | levia

Ydapdintg Bapog Yypaoio| 6AlUnN guun/tac 1pLfnAg
(LL, %) | (yu,gr/cm) | (we, % ) |(q, Kg/cm®) (Ce) (¢ Kg/cuf)| (@)
Mpdoputeg
EMLYWHXTOOE L C
IotopLxécs
VEOTEPEC
ENLXWUATOOE LC
Tevayddeic amd-| 33-53 1.6-2.1 26-54 | 0.25-0.35(0.250-0.720| 0.06-0.35| 4°-29°
[9éce L
oapdKTLES 2.0-2.2 0.00-0.02| 28°-30°
QPO L
AncBéce L 17-30 2.0=2.4 10-15 0.30-2.50|0.100-0.250] 0.00-1.00| 24°-49°

Ikoitng MO TOHOV|
& X&LpGppwy

OMNOKOILV LKEC 25-52 1.5-2.0 18-40 |0.20-2.70|0.140-0.450| 0.28-0.58| 8°-25°
anobeoe L g

MavdUuag

moodBpwons & 5y yg 1.8-2.1 18-25 |0.35-2.50(0.125-0.135| 0.75-1.50| 3°-28°
oA LoBNUEVED

naleg

IMAe LONIAE LOTOKOL
vikov Linpatwev

BANoufLaxéc 16-50 L:9~2.4 8-32 0.22-3.92|0.080-0.290| 0.10-1.55| 137-35°
lanoféoe Lg
A LAOUP LaKEQ 18-28 2.0-2.1 20-25 0.25-3.50|0.050-0.147| 0.35-0.50| &°-47°
ancBéoe L
pLnLdiov

MieLoToKaLVLIKO( 17-54 2.0-2.5 11-44 0.25-6.75|0.080-0.180| 0.41-9.50| 6°-47°
OXNUaT LoOPOo L
MTAE LOKOULV L KG 26-62 1.9=-2.2 17-42 0.88-6.64|0.010-0.267| 0.05-1.80| 2°-24°
L{fpaTa

Mieroronamvixoi oynpariopoi: Awotehotvian and eguBQORAOTOVES EMS TEQPQOHATTAVES 1] et RITOLVOKG-
OTOVES AppOTATES pe GOYIAO xat PuroeLdEls TaEERPOrEC adpopuep®Y atotelwv (Yneideg, xGhnec, ROORAAEC).
Zuvibog eppavitoviar pe pEToa g xapnhi CuVERTIRGTITO. ®a povo Xatd BEosic (otig vymhdtepeg poppoho-
Yird TEQLOYES, B¢ oV mEELoYI] Tou IMEoxopuelov) oL adEONEQE(S PATELS ETXOUTOUY HOL UTOXTOUY woyvon
OUYXGAANON, PE ANMOTEREORE VU ERPAVICOVIOL IE TI) LOQYPI] CUVEXTXGY EWG TOM CUVERTINGY ROOXUAOTCLYWHY
TAYROV [LE RUPOUVOPEVO ahhd yevird onpavixd mdyog (4-10m). Pevind modxertar yio mahaud xepoai 1 o
TOTAPOXEQOTC VMK, TTOV OTIS TEQLOYES P Timmia whiom avarrmiooouy Tyl OYeTtud pavdio aroodBpwong and
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epvbpd apythothvwdn vhrd, rabog nar ydhnec—rpondhes. To mdyog Tovg exnpdror and 8-40m o Tomxd
peyaritepo twv 100m.

IMietoxavird Wijpara: IModxertar yio motapohpvaia, hpvaia, Mpvobahdoowa waw onavidtepa Bahdoowo
iuate and ayIthopdpyYes, HAPYES, AUROUS AETTOROXKES EWC HECOHOUKES RO LE TOWXILO BaBud diayéveons 1
#aL 0OICOVTES (Ul JHTES PACELS AUTMY. ARON OTOVE AVHTEQOUS 00ILoVTES, dmwg oty MEELOYY] Tov AcUppa-
tov, Tov Kdotoov 1 #ai tov Zuxoivay, CUIPETEXOUY EVOTOWOELS 1) XL (UrOl ROOXCAOTaydY Tdyovs HEXOL Sm,
EV() OTOUS UTTOKEIPEVOUS OQILOVIES (avTOUV OLGOTIUOTES KOORAAES 1] RUL YUAHES OE TOTOUTA OV JLELDIVOVTUL
ue 1o Pabdoc. Zro oivokd Tovg yupaxtoiCoviar oav gvamoodbpwrol oynpaTiopol, PEToLe TuveRTIROL 1] %ot
OUVERTIXOL OaVIOTEQQ, e XOoUNAS ouvreheoni vdporepardmrac (k=107-10" cm/sec). Tevind ot MBohoywéc,
YEWTEXVIRES, VOROYEWAOYIRES Rul pOQQOROYIRES ouvDIjreS euvoOlY TV £xrOAWON RUTOMOBNTIRWOY QULVOpE-
VOV, O TEQLOTROPLXGY OMOBhoEwY, EQMUONWV XaL edu@ry powyv, ®uplng otig BEoes ovvduaopol tov
SuoPEVOUS TPOCUVATOMONOU TV COUVEXELNV, OE OXEON UE TN YEMPETOIT TWV TPOVHY %ol Tuyov avBpwmoye-
velg mapepfdoeic. To mdyoc Tovg extipdran 6t vrepPaivel Ta 400m.

Ta £501) RULYONS TOV TLEY YL KUOLO PUOLHOPN Y OVIRA YUOUATOLOTIRG, Twv MBOAOYIREY TUTWY TOU HLaxpi-
Bnurav, divovrar otov [Mivaxra 1.

4 TEQTEXNIKEL LYNOHKEL LTH LTENH IIEPIOXH THI IIOAHE TQN ITATPQN

Me orond TV ®oiTeEEN RaTavenon Twy UTESa@LRMY ouvBnxwy omv TEQLOYT] TOU TOAL0dOMROU CUYHRPOTI-
patog TV Matpav EXTEAECTRE EXTETAUEVY] YEWTEXVIXT) EQEVVA PE ELYPUTOMTTIRES YEWTOOELS KO TTEVETQO-
HETONOELS, €101 Wote va eEayBolv ThjoN CURTEQGONATA VIt TO EIDOC TWV TYUATLOUMY, T1 PUOLKI] TOUS RUTA-
otaon alhd o ™ YEounyavixt tovg ovpmepupopd (Kovxng x.a. 1994, 1997, Tawaprdog x.a., 1997).

HMivaxag 2. l'swteyvines evoryres mov draxpibyxav oty orevij megioyif g modns tav Haredvy.
Table 2.Geotechnical unities which were distinguished in the narrow site of Patras city.

I!vétqul Yrioevo Oepiypagpn Méy. Nayxog| Mnyxavikég MNapapetrpot
nTa (m)
ENL}upat@oe Lg-npoopata UALKE >8
IR RO, S A i I 35 ; ; T
Napartia, teppn LAUg¢ xat polaxh (Enp&) ©,:24=-80 kPa
1 Gpyihog (CL) pe evorpidoeic &ppou 8o [c-i0-111-0.261
Kat yahixiov (GW-GM, GC). (8&hacoa) e-,> 0.641-1.028
MiRT£¢ p&oel¢ arhouPLaxdv ERal 50
S1houp Laxav moeso:uv
L :22 -1194kPa
IIa [Kaotovh-kootavoteppn &pylhog (CL, {yevird<400kPa)
CH) kot AUG (ML, ML-CL) ue ev- cy:14-203kPa
II oTp@oe L (AUGdoug Guuou  (SM, SM- C.:0.087-0.220
SC) e,:0.387-0.870

Ve:200-650m/s

“i1b IAUec (S5M, SC) ®raL oppox&h Lk
{GM, GP-GM, GW-GM, GW-GC)

Ve:300-700m/s

TIIc |EAGBelc omoBécElG TeppAC apyiAoy

prre
HE opyovikd (CL), kot tAbog (ML, 28 80kPa
ML-CL) " ; 9 _...Q 120-0.344
RRN! [ .. o] ﬁi";'i"'é'g_'m;&'&;[v;:""Ei;[&_t';:'&"tiﬁxw g
moo ........................................................
" Ngpr: B->50
KaoTavOoTEQpES Lhgeg (ML) , KoL q,:23-450kPa
I1la JapytLAot (CL, CH)ue EVOTPROE LG Cy:17-240kPa
III Gupwv  (SP) ko apylieddv  dupav C-:0.050-0.287
(8C, SM, SM-SC). e,:0.560-0.976

Ve ZO0CER MR

TEil SR “; auuo & {SM} i Kg“ i xu_\ ixm

................... J(GM), GP-GM) S HE U SO
mlpvutxé l’néﬂaepo Ngprs 20->50
v Teppég-rRaotavéteppeg apylAixég >300 q,:100-350kPa

népyeg V,:220-460m/s
(CL, CH, CL-ML)
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AT6 ToL ATOTEAEONATA TS EQEVVAS cuTE OLMOTWONKE GTL OTO YWPO TOU TOAEOSOHOT CUYROOTHILHTOS
tov Tatpoy, daxoivovron Téooepig (4) yewteyvirés evotnres mov gaivovran otov IMivara 2. Etov Tivosa
AUTOV SIVOVTUL OTOKEIC OYETIRA [E TV TEQIYOUPY], TO TAYOS KOl TO £UQOS TV UNYOVIADY TUQUPUETOMY TWY
TOQUTAVH EVOTHTWV, CAAG Holl TWV UTOEVOTITWV TOU HEQIXES and auTés draympiCovrat.

H orpopatoypagua didraln tov evonitmy autiy Tegovotdlel SIurVpdavoeLs o8 Tdyoc Tou poavouy axdp
HoL 08 amoognvwoes. Evoemnixd wat yuo TANOECTEQN e1X6va, (S TROS T OTRMUATOYOApLAY didpbomon Tmv
YEWTEYLVIZMY EVOTHTV, OIVETOL [LCL YEWTEYYIAT] TOW ROTA Ij#0g TS mapahiaxiic Lovne e moing (Zynjuc 3).

5 LYMIIEPAEMATA

Me Baom TLg TUQaIave avagoeEs, 0TIV EVEUTEQT TEQLOYY (hAd et OTO MO TOV TOAEODOULALOT CUYHQOTH-
parog mg wéing me Idrpag, dSiumotwvertar 1 Tagovoics MBOAOYIXMY TUTOV XUl YEQTEXVIAGOV EVOTIHTOV (vTi-
aToLyl, Yit TIg ONoiEg TOOOdIOQILoVTUL 1) oTpWROTOYRUpLEA] dLdEBPWON, 1| EUOLKY ROTACTHON Aol TO EVOC
AOUOVONS TOV YEOUYOVIZGOY LUQOURTOLOTLAMY.

Ta orouyeia avtd arotelody ) fdon yia omotovdjote oyediaoud, oto mhaiowo e opbokoyiric avdrty-
ENg %o TS OWOTIE EXTEAEONS TOV DLU@OOMY TEYVIRMY £QY0V.

o o 2
B
20 4+ § g
s '.";, E
0F FroTEE % —F %_
= |
I ! =
-20 + \
40 £ ila |
! g
60 4 v \
80 Lo
llla
-100 + !‘
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-140 : i } : } ' } : : ; i
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Zyrjua 3. Xagaxtnoiotiaj yewteyvoaf Touf xard wjxos e xagaliaxijs Lovig e xoins.
Figure 3. Characteristic geotechnical cross-section along the coastal zone of Patras city.

6 EYXAPIETIEZ

Evyapuotieg exgodlovra otov %o Nix. Katoiféon Teyvind F'emidyo row Metantuyiaxd Epevvn] oto [Ma-
vemonjuo Iatedv - Texvinj Fewhoyla, yuo Ty extizwon Tou Tevin0yEmAOYIROY ¥doT 1e m yorjon GIS.
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LYIXETIZEIL ®YEIKOQN KAI MHXANIKQN ITAPAMETPQN IIETPQMATQN
LTON EAAAAIKO XQPO
CORRELATIONS BETWEEN PHYSICAL AND MECHANICAL PARAMETERS OF
ROCKS IN THE GREEK TERRITORY

I. KOYKHE' , N. CAMIIATAKAKHE', I. TEIAMITAOE , X. MIIOYPOYNHE'

IZYNOWH

“Evoc onpavtinis aptBids guotdy 1ot pnyovindy TaQapéTony 6mng TOoERupay and EQYUOTNOLORES
doutpéc o delyparta Suapdpwy TETpwpdTwY Tov EAvirol yuoov, xotaymeritnxoey ot pa e1dind oyedaopevn
Baon dedopévov. H otanonixi eneEepyaoia Tov otoyeinv ms faong enetgepe o) dariawon EPTTELQUAWV
ayE0EmY PETAED TOV QUOLKDV %OL WYOVIRGDY XOOUXTNOLOTIRAY TWV TETQWRAT!Y, QOHETES GO TIG OMOLES
RAEOVOLALOVY IXavomomTixovs ouvteheotég ovoyxétions. O onpavids aQubpds Twv SedOPEVOV TOU
yonotpomouidnrav ouvierel OeTind oy aLENREV cELomoTio TWV ATOTEAEOPUATWYV OV TPOEXPAV.

ABSTRACT

A significant number of physical and mechanical parameters derived by laboratory testing on samples of
different rock types from the Greek territory have been registered in a specially designed data base. The statis-
tical analysis of the data base enabled the expression of the empirical correlations between the physical and
mechanical characteristics of the rocks, many of which present sufficient correlation coefficients. The significant
number of the used data contributes to an increased reliability of the concluding results.

AEZEIZ KAEIAIA: Guound yeouxtoloTind, pnxovind Yaoaxmoionxd, axéoalo Tétpnpa, EMnvirds xdeos.
KEY WORDS: Physical characteristics, mechanical characteristics, intact rock, Greek territory.

1. EIZATQI'H

O CUOYETNOPGS PHETAED QUOLHGV KL INYEVIHGY TAQUPETOWY TOU AREQUIOV TETOHUATOS EXEL, NETOED GAMwY,
()¢ GXOTG %L TOV TOOOSLOPLONS PLOS TAQARETOOV ortl (AR, TS 0TT0ieg 1) Ty Elve Lo eV=0A0 Ve urohoyLoBel
pe amhéc ®au yoryooes spyaotowaréc donpés. Téroteg oy€oeis, eivar Suvatév va SHOOUY TPOCEYYLOTLXI
Thnoogdonom (aoyix extipmon, TpoodlopIopds TEENS KEYEBOVGS) Y [ TaQapeTEo, ahhd naw va fonbicovy
OV RoTavonon oxeTrd e To Babpd xou Tov Todmo ahlnieEdomong Tovs.

pog TV ®ateiBuvon v, ouyxevIp@ON®AY Ta WTOTEAEOHATE EQYOOTNOLARMY DORLUGY TTOV €X0UV
noaypotomomBei oto Keviowd Epyaonijpo Anpooiov Egywv tov Y.ITE.XQ.AE.(K.E.A.E.), and to 1983 péyou
7o 10 TEAOC Tou 1996, i Ty dnpovoyia g fdomg epyaomotaxdy dedopévav Poayopunyavinis, n ool
avagépetal amoxheotxd o8 metpwuare tou Exnvinot xwoov.

To yeyovdg 6T Ta oToLyElc TEOEQYOVTAL UITd TO (B10 EQYUTTIHOLO 1oL OL SORIUEG EXTEREOTNRAY TG TO ido
ELITELQ0 %O KATAOTIOUEVO TOCHMKS, PE fdon Tig Suebveig moodiaypapés, ouppdlier oy opotopoppic Twy
Sedopévav xa v amoguy] haBdv xa vrokeevizdy extpjosnv. Ta dedopéva mov xataymeritnxay om
Baon avageoovtat 08 TETowpaTa TotriAng MBOROYIIE OUOTHONE ot SLUPOQETIAIS TETQOYEVETLXIS TPOELEVOT|C,
ROAGTTOVTOS €T0L £V PEYALO HEQOS TWV TETOWUATWY IOV TuvavTuvTaL otov EAAnvire ywoo.

2. AHMIOYPI'TA BALHE AEAOMENQN EPTALTHPIAKQN AOKIMQN BPAXOMHXANIKHE

H Béom avei oyedidomue aro hoyiopxé maxéto Excel 97 mg Microsoft Office ot oe mepifichhov Windows
98. A6 o apyelo Tou epyaompiov Boaxopnyavixis ov K.E.AE. rataymeifnxav 4438 otoyela, ta omoia
avagéoovial ot avtiotoryo aptbpd doxyiov(derypdrwv) mov éxouv vioPindel oe pic 1 TEQLOOCTEQES DORIUES
YLCL TOV TTQOUBLOQLOUE (PUOLAWDV 1)/%0tt jZAVIRMY TOQOUETOWY. ATO To, dorlpa autd 1483(33.4%) avagegovtal

1. Twipa Tewhoyiae, Topdag Epuppoopevne Memhoyiag wa Tewnguovnis, Mavemompiov Marpav, Pio 26500 ITATPA.
2. Tijpee Mohnuady Migavieav, Topéas Tewrtexvinis, Edviné Merodfio Mokvtegveio Tamotwoy 42, 10682 AGHNA.
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oe aofeotohbovs, 873(19.7%) oe dohopmrots rat papydixovg aoPeotéhbovg, xutd xipto Adyo, 612(13.8%)
og Ppappiteg, 502(11.3%) o€ »porahomuyn xaw hatvromayy, 413(9.3%) oe WETCUOOPWUEVL TETOWIATL, AUOTWG
yvetolovg zo oylotéhibous, 281(6.3%) ot aoyihind, paoyeind, wokibird metomparo zat Téhoc 273(6.2%) oe
TUOLYEVT] TETOWLLATCL.

3. PYIIKA KAI MHXANIKA XAPAKTHPIETIKA

ATIO e TN %L (TAY] OTUTLOTIXI ENEEEQYOOICL TOV OTOLEIWY TS BAONS EQYHOTNOLAXGY DEDOUEVMV Yiat
T0 OUVOko TV TETPWUATLY TTRoExpE 0 TTivarac 1, 6mov gaiveta to mhijbog, vaBug xa oL pEyIoTES ®on EAGYLOTES
TULES VLG T XUOLOTEQU UOLKE KL Y UVIRG, LUOUATOIOTING TOU UHEQUIOV TETOWUHTOS,

TTINAKAZ 1 Pvaued xar punyavizd yapaxtmpiotizd Tov merpoudroy mov sEetdomnxay
TABLE 1 Physical and mechanical parameters of tested rocks

ITAHOOZ METIZTH | EAAXIZTH

METPHZEQN TIMH TI MH
Enon murvémra d(kN/m?) 1188 29.4 14.0
Mopwdes n(%) 99 42.0 0.46
ApiBpdg avamdijoswy oguoot Schmidt  SHV 584 59.0 10.0
Aetzmg ompewariic gopriong Iss; (MPa) 3392 13.1 0.11
Eqehrvotuai avioyy o, (MPa) 215 20.4 0.2
MovaEovir avroyj o, (MPa) 968 254.0 0.7
Métpo ehaouxdtrag E(GPa) 169 177.4 1.7
Adéyog  Poissonv 104 0.85 0.006
Aeinmg yohdowone I 42 (%) 124 99.5 0.22
Zuvoyn acuveyeinv c(kPa) 50 144 0
Fwvia toupric aovveyewiv @) 53 51 23
Tayimra emyuirwy rupdtov V- (m/sec) 246 7908.0 1716.0
Tayvmra eyrapoiny ropdtwv V- (m/sec) 207 3954.02 1125.5
Mérgo ehaotnémrag(duvapixd) E o(GPa) 105 99.45 53
Adyog Poisson  (Suvapuxds)vp 105 0.356 0.003
Métpo didrunong(duvamxd)G  GPa) 68 37.59 21

4. LYEXETIZEIE ®YEZIKQN KAI MHXANIKQN IIAPAMETPQN

H ovoyénon tov mapapéronv tov arépaiov metodpatog €ywve pe Bdom 1o mapamhve AOYLOWHG TTaHETO
Hat oL oy€oelg mov eEeTactnnav vtuv yoappuxés, hoyaotfunés nat exfetinéc. O aroaiec Tpée de
OUPTEQLEMPONOQY 0T CUOYXETLON, XWOIS SPWE TO GUVOLO TWY TIRGY QUTHY Vet Eemeovd 1o 10% tov
ouoyETLopeEvOY Ty, Oa TEETEL Vo TOVIODEL GTL 010 OUVORG TOUS 0L DOXIUES TOU RaTayodgmxay ot paon
€xovv yiver oe doxijua wov efyav moonyoupévas Enoabdei otov afoa.

Ze zabe mepintwon ovoyftong oxedidobnre o avriotogo ddypappa oto omoio CUUTANQMITIHG
Tagovalalovral
® 1 eElowon Mg ovoyETione
® o apipdg twy onpeiwv N (Cevyn Tpav), 1o omoio oe #dbe mepimroom eival peyahitepo tou 25
® 0 ouvieheonic CUOYKETIONG T, 0 omolog Elven TdvToTE pEYahvtepoe Tou .80, €101 WoTe ot OUOYETIOELS TTOU

TaQOVOLELoVTaL Vi propotv va Bewenbotv anodextés. Edv #Gmoleg ouoyeTioels Tapovotdtony rahovc

OUVIEREOTES OUOYETLONG YLor 10 1] TOELS PORPES oyTEmY ToTE Opedidlovtan Ghes, Siveta g peyalitepn

Pagimra oy yoauumxn Aéym g evroliog egappoyiic Tc.
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4.1 MovoaZovixif avroyrj, oc xar tayvtyra diddoons nynrixey xoudtoy (exunzdy Vp, eyxapoioy Vs).

H rayiora duddoong Tav iymuinev #updrov eEaprdrat (rd 1o 1505 TOU TETRHUHTOL, TNV TTHQOVOT KEVHV 1j
QUWYHIV KO YEVIXA TV TOLGTTOL TOV SEIYHATOC 1) 00l crvagéeTan omy avtoy tov. Ot D Andrea et al. ( 1965),
divouv oc = 0.039 Vp - 48.13 (r = 0.71), evad vahég exOennés ovoyetioeis petall T avioyic oe povoaSoviz
BAYM (OC) %ot TS TAYTTNTES TOV NYNTIROY ZUUGTOV EXOUV Z0Td 2Qovs dpootevbel wrd mohhoig epevviTes,

140 _

y=410 -|u‘;“u;i . - l. 100 |
g e r=0.85 £° = an
=, i=122 % e £
o . o - il
Zyjua 1. Zvoyetion oc zat Vp Zynua 2. Zvoystion oc xai Vs
Figure 1. Correlation between oc and Vp Figure 2. Correlation between ac and Vs

An6 v emeEepyaoia Tov £yive rot TEQIMapUPAVEL GAES TIG ROTNYORIES TETOWUATWY extiuinray exbetinec
ovvapnjoelg oc = 4 10-10 Vp2.9837 yua 122 onueic pe 1 = 0.85 (Zypjua 1) zow oc =10-10 Vs3.328 yia 121 onueia
pe r = 0.82 (Zyjpa 2).

10¢ 1 . . 104

|
80 +

i . £ 50
2 _:C —
Ly, 40
i
20
1 2 3 4 5 & 8 a 1 11
o MPa) 0 4 5 6 7 i -] 10 11
a (NPa)
Zyrjua 3. Zvoyérion a_xar o, Iynipa 2. Zvoyénon o xat Vs
Figure 3. Correlation between o_and o, Figure 2. Correlation between o_and Vs

4.2 Movoaovuaj avroyf, oc »ar egelxrvorizi avroyi, ot.

I tov Abnvaixné Zyiotéhbo o Marinos et al. (1994) mpoadidoioay Ta SpLe #ipavone e povatovixic xat
epehrvonixiic avioytic petafi 4 oc < ot < 13oc.

A6 T CUOYETLON TV SO TUPUPETOWY YL Ghat Tat €81 TV TETPWPATMV TaL G diapop@ivovTa ot 4 ot
<oc < 20 ot (Zyipa 3). Av TEQLOPICOUUE TIS TIRES TS AvTOxIS O povaEovixn iy oc péyor ta 90 MPa xa
QTOUARQUVOURE TIS anQ(ES TES TPORINTEL 6TL 0c = 8.51 Ot pe ovvieheoni cvoyéniong r = 0.82 (Tynjuc 4).

4.3 Aeixtng onuerasajs goprions Is(50) xar rayvryra diddoons nyyrixdy xvpdrov.

Ot Wakes and Mellor (1978), divouv ol x0h€g YOORAES OUOYETIOELS TOV STO TROUIETOMY YLt YOUVITES.
Avtiotora o Koukis e Sabatakakis (1991) yua dohoputizovg xat pagycirots aopeatdhbiovg divovy Vp =
1561.2 + 292 Is(50), evas o Irfan xow Dearman (1978), yua eEakhotwpgvous yoaviteg forixay Is(50) = 1.76 10-
7Vp2.095 (r = 0.99) »au Is(50) = 2.29 10-3 Vp-2.316 (r = 0.96).

ARG ™) OLOYETLON TV DUO AUTHV TAQUETOWY TQOEXVPAY YICL TO THVORO TOV DELYRATOV TOV TETOWRATOV
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6 L y = 10-03xl-e u - .

B r = 0.87 . 1 y = 2 10-95x1.7% . . 3
2 I=63 51 £ = 0.85
g, = N =55 . -
= ™ 8d .

1000 2000 3000 4000 5000 6000 7000 1
- 1000 500 2000 2500 3000 3500
Vp (m/sec) 1 1 2000 2500 3

Zyjua 5. Zvoycrion Is(50) xai Vp Zyua 6. Zvoyénion Is(50) xat Vs
Figure 5. Correlation between Is(50) and Vp Figure 6. Correlation between Is(50) and Vs
BOOO 4500
7000 qnoo L = m :
so00 L 3500 r = 0.87 f‘_.‘.
T N = 183
E s000 :wn 3000 d
E 4000 E 2500 1
" 3000 = sa00
oo L 1500 4
1000 . : - ‘ + t : i 1R
13 15 17 19 21 23 25 27 29 13 15 17 19 21 2% 27
d [kN/m?) d [kN/m?}
Zypijua 7. Zvoysrion Vp xar d Zypijua 8. Zvoysrion Vs xar d
Figure 7. Correlation between Vp and d Figure 8. Correlation between Vs and d

enBennéc oyéoeic. Ta emynixn xipata divouy yia 63 tiuég Is(50) = 10-5 Vp1.48 pe ovviereonj ovoyeniong r =
0.87 (Zyipe 5) now Yo e gyrdpota kipara Is(50) = 2 10-6 Vs1.79 pe N = 55 wawr = 0.85 (Zyjua 6).

4.4 Enpif muxvomyra, d xat TayvTyTa 0tddoons NNTIXGY XUUATOY.

Fevird pe my avEnon me muxvétrag avEdvetat xou 1 Taitnta dddoons tav nynuxdy rupdrwoy. O Irfan
»ow Dearman (1978), divouv yia eEchhotwpévoug yoaviteg d = 0.8428 Vp0.133 (r = 0.99). ExBetinég ovoyetioeig
£yovy poadlopioet xaw o Koukis et al. (1998) yiua tovg aopearéhbovs tov EMAnvizot ywoov.

H eneEeoyooic 1oV oToyeimy mov mpoéxupoy ortd T Ao E0YaoTOLUXMY SEDOUEVMY Yict TO CUVORO TmV
neTpwpdrwy divouv exfeTinég ouvapTioels, oL omoieg eivar yua Ta emuixn wipata Vp = 547.66¢0.08d pe N =
203 xan r = 0.86 (Zynjue 7) now i va eyrdoote ®ipata Vs = 388.05¢0.08d pe N = 183 nou r = 0.87 (Zyjpa 8).

4.5 Enorj mvxvétyra, d xar mopdides, n.

Tevind 1 a¥Enon me murvémTag ovvodsietal and yoauun peimon tov mogadovs. O Koukis not
Sabatakakis (1991), divouv yua Sohoprtixovs xot pagyaizots aopectéhbovs, n(%) = 90.3 - 3.44 d(KN/m2) (r =
0.81).

Tt orouyEeict IOV TEOEXLYaY atd TN BAOT] E0YOTOLUXEY OESOUEVWY YLOLTO OUVOAD TWV TIETOMRAT®V SivOuv pia
yoaupxi ovoyérion n(%) = 91.55 -3.45d(KN/m2) pe 74 onpeio xow ovvreheoni ovoygnong r = 0.97 (Zyjpa 9).

4.6 Enorf muxvoryra, d xar apibuds avarndtjoewy oguptov Schmidt, SHV.

O péoog 6pog Twv #EOUEWV pe opuol Schmidt avEdver youpuxd pe Ty aiEnom mg murvémrag. Ot Koukis
%o Sabatakakis (1991) divouv yio Sokoptind xaw popydind aopeotéiBo SHV = 3.2d - 43 (r = 0.88), evo
napdpole ovoyETon Y Tovg aofeotéhboug divouv ot Koukis et al. (1998).

Ané v eneEepyaoic twv otoygeiny Boénray 325 Letyn rpdv xow meogrunpay, e xah yoapuxi SHV =
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20 22 24
d (kN/m1}

Zyrjua 9. Zvoyrion n xa d
Figure 9. Correlation between n and d

y = 2.32e0 11
= =0.91
N = 325

§ —_— +
18 18 20 22 29 26 28

d (kN/m?}

Zyrjua 10. Zvoyérion SHV xar d
Figure 10.Correlation between SHV and d

3.63d(KN/m2) - 50.67 pe r = 0.90, ahhd xe puee exBetunii pe Aiyo xaitepo ouvreheott) ovoyEtiong r = 0.91 1
omoia eivar SHV = 2.32e0.11d (Zyijua 10).

4.7 Hogwideg, n xat deinrns yaldpwong, Id2.

Amé mv Bifhoyoagia divoviar cuviBog youpurés ovoyetioeic e g dvo avtég mapapétpove. Ot
Sabatakakis et al. (1993), yia pdoyeg o pogydinovc aopeotéhbous divovy Id2 = 113-1.1n (r = 0.84), evah o1
Koukis xaw Sabatakakis (1991) yw pagyaixzotg xau doroprinonic aoBeotéhBoug, 1d2 = 108 - 0.9 n (r = 0.82).

H yoappuxi ovoygrion mov mpoodiopiobnue andé 31 Levyn v, pe r = 0.83, efvar n = 99.84 -0.90 1d2
(Z0ipa 11).

4.8 Tayvmyra diddoons nynrixgy xvudroy(emunxdv Vp xat eyxapaiov Vs)xat agiBuds avamnbijocwy ogugiov
Schmidt, SHV.

H oyéon mg tayimrag tov emypizov xupdrov Vp pe tove péooue 6povg and ogupi Schmidt, (SHV)
TEQLYQAPETaL (16 Tog Sabatakakis et al. (1993), xautovg Koukis xcu Sabatakakis (1991) yua papyeg, dohoputixonic
rat papyaixolg aopeotdhbous, pe mv eEiowon : SHV = 0.01 Vp -7.12 (r=0.88). Enionc Yoot oyéon
divera and Toug Koukis et al. (1998), yia mv tayimra Siddoone twv eyrapoiov xupdrov os aopeotohBizd
serpdpara. O Irfan xou Dearman (1978) yia eEadhowwpévous yoavitee divouy : SHV =0.0099 Vp + 14.131
(r=0.99).

Am6 tat otoyelo mg Baong epyaomolardy dedopévmy foayopunyaviic nmpogxnpe exbBetnr] oxéon, and 81
onueia pe ovvredeoni ovoyEtions r = 0.88 #aw eEiowon SHV = 43 . 10-04 Vpl.08 (Zyijpa 12).

4.9 logdides, n xat agiBuds avarndijocwy oguotov Schmidt, SHV.

O péaog dpog Tov aplbpot Twv avamdicswy and oguei Schmidt avEdvouvy pe TAOAANAN pelmon tou
mopwdovs. Zvpguva pe Tovg Sabatakakis et al. (1993), yio pdoyeg ®ow napyairovc aopeoréiiboug woyiet n
oyéon SHV = 38 - 0.8 n(%) (r = 0.87) eve odpguva pe toug Koukis »au Sabatakakis (1991) yia paoyainoie xol

| [ = a3 10ene e
ST r = 0.88
40

¥y = -0.90x + 99.84
x = 0.83
i=m:

0 i + i 4 i
t + + {
65 70 g0 85 ag ag 100 1000 1000 4000 5000 £000 7000

.[ d_ (%)
Zyrjua 11. Svoyérion 1d2 xai n
Figure 11.Correlation between Id2 and n
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Zyjua 12. Zvoystion SHY xar Vp
Figure 12. Correlation between SHV and Vp



dohoptzovic aofeotémbovs wyier n oyxéon SHV = 130.5 n-0,6 (r = 0.8). T€)og, ou Irfan wou Dearman (1978),
yiee eEahhotmpévo yoavim mooteivovy ™ ay€on n(%) = 27.819 - 0.446 SHV (r = 0.98).

O ovoyeTiopnds Twv dedopévav £dwoe ) youpuux oyxéon n = 37.236 - 0.7569SHV yut N = 50 pe r
0.95(Zynua 13).

35 1 - —

. y = -0.76x + 37.24| 6000 1
30 4 . r=0.98

: i=s50 .

Y (N o
Ve - ¥y = 1.68x
r=0.92

I=197

SHY 1000 1500 2000 2500 000 504 4000

'z (misec)

Zyjua 13. Zvayérion n xar SHV

Syijua 14. Svayérion Vi ‘
Figure 13.Correlation between n and SHV wijua 14. Zvoyévion Vp xai Vs

Figure 14.Correlation between Vp and Vs

4.10 Tayvryra eyxagoiov, Vs xat emunxoy xopudrov, Vp.

O Ty imTee SLAdOOMS TOV MMTRWDY KUPGTOV TREOVOIELOUY TOM oM Yoot ovoyETion petasy Tovs.
O Marinos et al. (1994), yie tov AOnvaing Zyotéhbo divovy : Vp = 1.51 Vs (r=0.7) xaw o1 Sabatakakis et al.
(1993), yia pdpyeg now pogyaizovs aopeotéhBouvg: Vp = 1.6 Vs (r=0.81).

ARG TOV GUOYETLONG TV OTOGEWY TTQOEXMPE Y1at TO OUVORD TV meTowpdToY and 197 Tevyn Tipav n oxgon
Vp = 1.68Vs pe ovvteheonj ovoyénong r = 0.92 (Zyrjpa 14).

¥ = 1014288 e .
6 r = 0.90 25 y = 3 1012 02
- i=28 = r=0.95
: g =32

Loon 1500 2000 3 3000 3500 4000 1500 2500 3500 4500 5500 6500 1500

Zynjua 15. Zvoyérian Vp xat n Zynjua 16. Zvoyétion Vs zat n
Figure 15. Correlation between Vp and n Figure 16. Correlation between Vs and n

4.11 Mopwidec, n xat TayvTyra diddoons pynTixGy xUpdTOY.

H atiEnom Tov othdoug yLeeTo ido méTpmpe Tporakel pelnon mg ToyimTag SLABOANE TWV YITUROY HUPUGTOV
péow cutov. Ot Irfan xou Dearman (1978), zafdpioay yud Toug EEXMOIMPEVOUS YOAVITES T oyéon n = 85.765
-9.966 log Vp (r = 0.99).

A6 T arougeie e Paong eoyaomotunrmy dedopsvmy Poayopnyavinic tposdlogiothray yuo ta ETL®Y
wiporan = 3.1012 Vp-3.33 ue N = 32 zou r = 0.95 (Zyijua 15), evad yuo 1o eyndoota wipata n = 1014 14Vs-
3.99 pe N = 28 o r = 0.90 (Zpjua 16).
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5. ZYTKENTPQTIKOZX IINAKAL ZYEXETIZEQN

Zrov [Mivaxa 2 gaivovial Sheg oL OUOYETIOELS TOU TPOEXMPAY UIT6 TV ETEEEQYUOIN TS fAONS EQYUOTOLURHY
SEBOUEVOIV POUOPNLOVIXIS YLK SUAPODES RUTYODIES TETOWRATMY TOV Elpvinot ywoov. Extéc and ) oxéon
MOV CUVOEEL TIS DUO TUQUUETEOVE, DIVOVTUL O OUVTEAECTIS CLOYETIONS (1) %ot 0 aELpde Tov onueimy (N).

HINAKAZ 2 ZoyzevTooTinds Tivaxas CUOYETIOEQY
TABLE 2 Summarized table of correlations

SYZXETIZH SYNTEAEZTH= [TIAHOOZ EIXHMA
SYEXETIZHE r AOKIMQN N
=410 “ T Vp ™ 0.85 122 1
R [ s+ T 0.82 121 2
40, <0; < 20 0, 79 3
o, =8510, 0.82 57 4
Is s =10 ° Vp™ 0.87 63 5
Is (50) =210 "Vs " 0.85 95 6
Vp = 547.66e 008 0.86 203 7
Vs = 388.05¢ 0.08d 0.87 183 8
n=9155 - 345d 0.97 74 9
SHV = 2.32e01d 0.91 325 10
SHV =3.63d - 50.67 0.90 325 10
n=9984 - 0.901Id, 0.83 Eh 11
SHV =4310" vp '® 0.88 81 12
n= -0.76SHV + 37.24 0.95 50 13
Vp = 1.68Vs 0.92 197 14
n=3102vyp*3- 0.95 32 15
n=1014 Vg3i® 0.90 28 16

6. ZYMIIEPALMATA

Oa mEEmeL va TOVIOTEL GTL OL TUPUMAVW OVCYETIOELS UVAEPEQOVIUL OTO GUVOAO TWV EMPEPOVS Setypndrmy, To
omole TeQIAApPAvOLY Gheg 07 eO0V Tig #iip1eg »amyopieg meTowpdTmy Tov EAAadiot Xdoov, ywolc va yivetal
dudnoron HeTaEl autav.

¢ £ TOUTOV 0L CLOYETIOELS QUTES CVTLTQOOWITETOVY TO £U00S SIUHTUAVONS TV TOQUUETOWY TOU
eEetdobnray, To omoio eival EVOEIXTIXG Yia TO. TETOMUATE TOV PeAETONMaY.
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I'EQAOTI'TKA KAI TEQTEXNIKA ITPOBAHMATA KATA MHKOX THE XAPAZEHXL
TOY AT'QI'OY IIETPEAAIOY GELEZAAONIKHE (EAAAAA)-ZKOIIIOQN (IL.T.AM.)*
K. IIAYAOIIOYAOZ', K. ANTOQNIAAHE', M. AIONHE', I'. EZTOYPNAPAE'

ZYNOWH

Zta mAGOW TG HUTROXEVYS TOV aywyol Tetpeiaiov Oegoahovivng Zxominv, mpaypatomonidnxay p
OELOG OTTG YEWAOYIHES HOL YEWTEXVIRES PERETEC Hatd Tar €1 1999-2000. And TV EXTOVI|ON TWV RERETWIV cUTWV
HOL #OTA T SUGEXELR TS RATAOKEVTG TOU EQYOU TOOERVYPAV [ O£l and mpofhijpata yemhoynd rat
YEWTEXVIRG OV aoQOToaY TOUS YEWAOYLROUS GYNUaTIONOUE, T HOpQOLOYia TOU eddgovg nat ™Y evrohia
duafoworic Tov, My aywyETITH TV ESaQLXGOY CYNUaTIOpGY, TV EVoTtdheLa Twy mpavav, Ta mbavd tpofhipora
L TPOTOVS AVILUETWHLONS TOLg OTLg DLEAEUoEIS TOV aymyol and vddtiva eevpata, my ragovoic ENELyevay
Covadv ™V Tapovoia vdyeLwy v8dTwY, o8 oxfon e ) pdom raraoxevrs. H enithuom avtdv tov moofpdrav
HEOW TWV PERETAHV EIVOL UTTAQAITITO VaL TOONYOUVIOL TIG KATUOKEVTC TOU £0YOU aveEdpmra and nig ouvbinec
mov emmxparodv. H Siadiaocia avnj eivar arapaimm téoo yua v aopah xdeatn xal xataoxevy Tov épyou
600 ®aL yue My pelwon tov xéotovg xataoxrevrc (alhayée om XGQOEN HeTd TV naTaoneV]).

ABSTRACT

It is very important to perform integrated geological and geotechnical studies when constructing large-scale
projects, such as oil-pipelines. These studies are significant, not only for the safety of the pipeline but the sched-
ule and budget of the construction as well. It is estimated that, at least up to date, studies performed for such
projects in Greece were not complete, and in any case did not face all possible problems. This happened because
the specifications were not applied, the geological & geotechnical construction and safety issues were underes-
timated and finally because, in many cases, the contractor was responsible for performing all the relative studies.
Special studies for landslides, steep slopes etc, were usually performed after the problem occurred, during or
after construction, and upon request of the insurance company. The geological and geotechnical studies are
performed in order to investigate: the geological formations along the pipeline route, soil conductivity for ca-
thodic protection, ground morphology and erosion processes, slope stability, possible problems and solutions at
river crossings, fault zones, shallow groundwater occurrence, special geotechnical problems (such as muddy
bottoms, erosion protection, steep slopes etc,) environmental conditions and impact from the project, protec-
tion and reinstatement measures. Considering the above and that the longest part of the pipeline is constructed
within FYROM, contractor increased the quality of services by employing a specialists team to supervise, and if
required perform, geological and geotechnical studies.

The following were completed: a) Geological mapping and study along the pipeline route at a scale of
1:20000 for the Greek part and 1:25000 within FYROM, b) boreholes at a depth of 15 - 30m (SPT & CPT), ¢)
“cross-hole™ investigation, d) soil classification, e) “Maag” tests, f) geophysical investigation to evaluate soil
conductivity, g) Special investigations at problematic areas (landslides, steep slopes, river crossings, fault zones
etc). Mapping at a scale of 1:2500, 1:2000 and 1:1000depending on the required detail.

Geological formations encountered along the pipeline within Greece are (youngest to oldest): Holocene
deposits, Pleistocene deposits, Neogene sediments, U. Eocene and Oligocene sediments, Triassic sediments, a
tectonic zone, the metamorphic bedrock (Paleozoic), igneous rocks (granite) and the ophiolite complex. With
respect to structural characteristics five major tectonic phases are predominant. Major encountered problems
for the pipeline construction are the shallow water table, the Sidirocastro fault zone and the 100 watercourse
crossings. However, no significant changes of the pipeline route were required since the geological and

* GEOLOGICAL AND GEOTECHNICAL INVESTIGATIONS ALONG THE CRUDE OIL PIPELINE ROUTE FROM THESSALONIKI
(GREECE) TO SKOPIE (FYROM)

1. Xapoxdmewo Mav/po, Tujua Feoypagias, E, Bevitéhou 70, 156-71 Abhjva

2. Zuvijyogog tou MMokfey, K. MéEn 5, 115-28 Abrjva

3. Apwotogdvoug 28, 187-57 Kepuraiv

4. Mavipo Abhjvag, Twipe Tewhoyiag, Mavemomuovrohy, 157-84 Abvjva
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geotechnical studies were performed before construction and in many cases before pipeline routing.

For the pipeline route within FYROM the Scopia University faculty performed the majority of geological
and geotechnical studies, which were executed in direct co-operation with the Greek supervision, team. Geo-
logical formations encountered along the pipeline within FYROM are (youngest to oldest): Holocene deposits,
Pleistocene deposits, Pliocene lake deposits, Miocene lake deposits, U. Eocene flysch deposits and Mesozoic
diabases formations. The Mesozoic formations are intensely fractured and faulted. Most active faults are cov-
ered by Quaternary or lake deposits. The seismotectonic study determined the presence of 14 active faults.
Major re-routings occurred along the pipeline within FYROM since studies were performed after, or during
construction activities. As a result 11 changes were required hence, re-routing was necessary for 30% of the
initial pipeline route. Some of the most significant problems encountered when performing the studies were
active fault zones. lack of accurate topographic maps, headword erosion phenomena, creeping and landslides,
high - steep slopes, shallow groundwater and hot springs, and significant river crossings (overall 150 watercourse
crossings).

The accumulated experience dictates that: a) Geological and geotechnical studies must be completed before
pipeline construction. Issues investigated should be as mentioned above. b) The referenced studies are neces-
sary for the scheduling, cost effectiveness and safe construction of the pipeline. ¢) Supervision must be strict and
require the application of specifications for all geotechnical activities during construction. d) Supervision is
more effective when earth scientists are included (geologists geotechnical engineers etc) in the team. ¢) Water-
course crossings should not be backfilled during construction. Such actions were observed within FYROM and
created serious problems. f) “Free spans” are often observed hence endangering pipeline integrity. A solution to
this problem is placing initially the pipeline on sandbags and filling the trench with sand to at least 20 cm above
the top of the pipeline. This should be a specification and the only acceptable backfill material for bottom,
middle and top padding. g) The method of constructing “Rip Raps” at watercourse crossings must be modified
so that water may flow through them. This will prevent “rip rap” destruction and enhance safety of pipeline h)
during ROW construction the following should be applied: slopes should not be more than 2 meters high, slope
gradients should not be more than 1:1, rain and underground water should be drained and transferred at least
100m away from pipeline routing,

AEEEIL KAEIAIA: Teyvinij yewhoyia, aymydg netgeiaiov, EAada, ILTAM.
KEY WORDS: Engineering Geology, crude oil pipeline, Greece, FYROM.

1. TENIKA - EIZATQI'H

Ol EQYUOTES KATUOREVS Cry @YV HETAPOQGS TETOE AoV TOCYUATOTOLOVVTCL PETA C7TG EXTOVIOT JLUG OELQGS
PELETAY ROl CUPQOVO. HE CUOTIOES TOOOLOYQUPES. Z€ TETOLOV € (S0UC EQYCLT EXTGVION TWV OYETIRDV YEMAOYIRIV-
YEOTEYVIRGOY HEAETAOV Elval 0VoLHoTIrtg onpaciag 1600 oty opeia #al EEEMEN MG XATUOREVHOTIHIS PAomS
600 ra otV TEGAYM mBovay aotoyuiv. O pekéteg auTeg Sadpaparifovy onuavtd pého ot GTL Qo TOV
TpOUTOAOYIONS TOu Epyou.

Ot PehETEC IOV EXTOVOTVTO, TIOWY (TG ™V EvapEn e ROTAOREVNC, Yia TETOWOU £{doug Epya oToV EAMNVIXG
YHOO, PEYOL TNV EXTGVION TS HEAETNG CUTIG, OTLS TEQLOOGTEQES TEQUTTAOELS SEV avTLpETHTLLOY OAOHANQWUEVKL
10 ev duvdper Toofhpare. Ot Adyot mg ®OTAOTHONS (VTS OPEROVTLY RUQIWS OTO yeyovdg 6t dev vmijoye
THONOM TOV TEOJEYOUPY, EVE TAQAANAC DEV OVTLUETOTLOVIAY HE TNV WTUTOUREVT TQOCOYT TaL YEWAOYLXA
& yewTeEyVind TEOPMIHATY, XOTAOREVIS %O GOPAAELIS TOV QYWYOU (mhjons vofdbinon v Bepdrov), xou
oto 6Tt oM ouyVE 0 avadoyog Tov £0YoU EToETILSTAY TNV gvBivy TS EXTEVNONG GAWY TV UTCUTOVUEVOV
pehetdv. 1o mhaioo ovtd vopabpiloviay oL YEmloyineg - veotexvinée peréteg vrodowis. Ot yewhoyireg
pekérec eEavrholvray oty RakiTEQN TEQITTWON OF juct avayvopLomry €x080m ®at e pnroTopT HENg
YGRS EVE) 0L YEWTEXVINES EQEVVES OF ENiMEDO TOOOBLOPIOUON YEVIROV YEWTEXVIROY YUQUATNQLOTIAWY OF
OPASOTOMUEVOUS OYNRATLOPOVS. ZTIC TEQLOOGTEQES neQUTTHOELS EIOES pekéteg yua Bfoelg pe iaiteon
yewhoyird-yemteyvind moofhipata exmovouviay HETA a6 oTOYi0 08 RATOL TEQLOYKY TOV £QYOU
(rarohoBrjoels, EpTUONOL, %), AATA 1| HETG TV ROTUOHEVT, 1 xarémy analfmong me etapeiag mov ba
aopdhle To £pyo.
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Exdva 1. H ydpakn tov aywyou merpeiaiov Ocooalovixng Zxoxiwy.
Figure 1. The route of the crude oil pipeline from Thessaloniki to Skopje.

1.1 ZKONoxZ
O EXTOVOUEVES YEWAOYILES HAL YEWTEXVIXES HEAETES YLOL TO €00, EYOVY OROTG VA OLEQEVVIOOUV:
*  Toug YewhoyIroUs OXNUOTOROTS %atd jujrog Te ¥GeaEne.
°  Tyv ayoypdnire Tov edagudy oynpanopny (zabodue TEOOTaoiC crywyoy).
*  Tnv poogohoyic Tov edagovg xow Ty evrokic diaPowog Tov.
®  Tyv gvotdBera mpavay.
*  Ta mBavd TeoPMijpcare o TEGTOVS AVTLUETHILONS TOUS 0TS DIEAEVOELS TOV aywyoU amo vddmva gepaTa.
®  Tyv rapovoia pnEryevdv Covav.
®  Tnv mapovoic VIGYELWY VOGTMV.
*  Ta edud yearexvind mpofhipora (Bahtddes Edugog, peydin xhiom eddgous, TeooTacia and Ty SudPowon
®ATT) RO ELDIHES HATOOREVES TROOTAOIUS.
*  Tic MeoParhovunéc ouvbires, ENTTOOELS 0T TO £0Y0 ROL PETRU TeooTaoiog Tov mEpIpdilovrog,

“Eva a6 1o 191aiteon TooBMiaTe ToU TEMEL VEL VILUETOIOTEL ROTA TNV HOTAOXEV] Eval 1) ehhumig
EQUONOYT] TV TEOPAETOUEVHV (6 TIG PERETES TEOdLYQUQMV raw ewdrdy ®ataorevwv. EEloov onpavtin
£{VaL VO TOOTOTOLOVVIGL OL TIPODLAYQUPES UE T1) CUOCWHEVON ENTELQIS Rl VO CUPTANEWOVOVTUL TTAVTA TTROS
mv xatevBuvon g aopdlelag Tov £pyov. Elvar onpaviixs va EXTOVOUVTEL OL HEAETES TIDOG TN CUVTNENTLAY
ratevBuvon (Aappavoviag vy Tig YELOGTEOES dUVaTES OUVBIIHES), RaL 0T CUVEXELL Vi GELOTOLOTVTAL TO
EVONUATE TOVG OF TUVOUCONG HE TY) OYOMATTIXY EPAOHOYT] TWY TEODLLYQUPWDV RUTUOREVTG.

1.2 MEGOAOAOTI'IA

1o €0Y0 ™S HEAETNG %O RATOOREVNS TOV TETQEALAYWYOU Oeooahovinng-Zromiwy, ne SEDOUEVES TIg
CTCUTHOELS Y10t TV COQARELDL TOV EQYOV, KO OF GUVOVHTNO UE TO YEYOVOC 6T, TO PEYUAUTEQO TIIjCL TOL ayy o
Viray oto €dagog e Modmy Movyroohafui Anpoxpartic ms Maxedoviag (ILI.A.M.), avalnmionxe éva oypjna
ehEyyov-eniBheymg, ad TV MAEVRG TOU VadGKOV RaTaOEVOOTY, TO OT0l0 Bat eEao@dhCe ™V 600 To duvatov
®UMITEQN EATGVION TOV PERETAY. ZUPPETEOVTOS OTO OXIjIA QUTE, Ko etdd oro opjua emifheyng Twv
avtiotowy pehetdv oto Tujpa Te TLEAM. %l g exmdvnons twv vewhoywrav peketiv oto EAnvind tpripc,
TEBMray oL TEOVTODETELS Yt TANOECTEQY RATHYQAPY TV auvOnrdv Edpaons Tou aywyot (Emdva 1).
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2. EPTAXLIEL YIIAIOPOY KAI ZYAAOI'H AEAOMENQN

Zra Thaion ™S YEMAOYIANG ®UL YEMTEXVLAS HELETIG TOU EQYOU EYIVAY OL TUQUAATW EQYUOTEC:

*  Avayvoprota] Fewhoyun] Mehém) oe 6ho to tujpa g xdoa&ng o ayaryou, oe #hipoxa 1:20.000 (EXnvixs
turjpa) zow 1:25.000 (rpjpe ILT.AM.), otpgova pe tig moodayoagés £oywy odomoting. St mhaio Tomy
peReTEIV autoiv Tpoodtopiotnxay BEoei e moofhijpata oy €dpaan Tou aymyor evd avalnmionxay xot
mpotdtnray evahhaxrtirég Mioeig, moAES ard Tig omoleg vioBemifnxay. Ty qdon avni exiong mpotddnray
HOL Ol UTHQAITITES YEWTEYVIRES EQEUVES YIa TNV Oetopua] eahibevon Tov aywyol avd eidog #at qdo
oymuatopwy. Mogdhinha, 0xomds TV EQEVVHIY 08 0OIONEVES DECELS 1TV 0 TEOOBLOPLOIGE TOV TELOUIXOU
vrofdbpov.

®  ZTamholow TV YEWTEXVIRGV EQELVAIV mpaypatomonjinxay e0euvnTxeés yewTtoloeLc, “cross-hole”, gofata,
“CPT". Ze ndbe yedronon mpayparomomnzav or aoautoipeves emrdron doxipée (SPT, dumepatdma,
what) wow Mignrav ta aragalmre delypota yua epyaomoiarés SoruEs (and YEmTofoes vt Qosata).
To fabog TV SElYPaToIATIHOY YEWTONOEWY, AVAAOYA PE TN YEWAOYICL 1AL TR YUQUATNOLOTUAG, KupdyvOnxe
and 15 éwg 30m mepimov. "Eyive zatayoag tov edaquxdy oxnuatiopdy oipgove pe to “ASTM Standard
Practice D 2488-84 (or -90)” 1 to “(American) Unified Soil Classification System (USCS)”. Eniong éyive
meQLypa Tov foaywdv oympatiopdy xa katayoagr tov “ROD” xafog xar doxpes “Maag” yio my
reguréTTe. Tnojtnxe oyohaotind TOWTE%0ALO YLo TV AToQuYY AvBUOUEVLVY YELQIORDV 1ol avahioewy
detypdrov (Cmot| ouorevaoia xar ouvtionon Setypdrov, ovpumhipwon eviirov pe Gha Ta araQaiT I
orogeia, avaypagr Tov nroduevoy avalioewy xhr). Eng doxripég “cross-hole™ €yive mpooentin
TootEmon Tov cwhiva pE CUPTAMEMON TOV TOIUEVTOU (TG %GTw TEOS TC ENGVE) HECH 10O Cwhjva
(“tremie grouting”).

* Teoguowec egyaoieg yo my extion TS ayOyRGTNTUS TOV AVOTEQWV ESCEIXMY OTOMRATOV (o1 o
rabBodun mpoortaoia).

¢ Edurég texvinoyemhoyinés pedéteg o8 Tijpata 1ov anmrotony Tegtépw Siepetvnon Adywm Toophnudrev
rarolobijoeay, evotdfelag moavav, epmuopdv, dafowoemy, pnEyevay Lovay, vymhic vdoogooiag,
Suéhevamg peydhov TOTAPGDY - OEPGTWV - PEYAMDY HAVAMEV ATOTTEAYYIONS %451, 08 ®hipema 1:2500, 1:2000,
=au 1:1000, ovpgova exiong pe g mpodiaypagés twv £pywv odomotiag »ufwg %ol YemAoyxn pnrotop oe
#hipaxa 1:2500/1:250. Zm yewloyuun yapToydgnon amoturdBnxay oL yemhoyixol oynuatiopor, Ta oyt
HOL TO TELVIRO-YEWAOY XA TOUE yaparmototixd (Boayddes, nupoayddes, pahaxd €daqog, Purtddes xAm).
Zuhhoy otoygelwv yio vGyew VEQGD, Eheyyog 1hiong moavay, ototeinv SudPomong %.o. Tmy @daon auni
TV EQYQOWDY, TOOTABNKE SEVTEQO TOGYQUUIA YEWTEXVIXMY EQYUOUIYV UG YEWTONOELS LE EYRATAOTHON
MECOHETEWY, HaL EMTONOU dorpeés, pofata, eoyaomolaxéc dorpée, CPT.

3. AIIOTEAEZMATA
3.1 'ENIKH I'EQAOT'IA

H dighevom tov aymyot téoo oto EMnvixd 600 xow oto tjpe ™ [LEAM. avijxer om YEWTERTOVIXY
evomra tov A§Lot (Bapddon)(ARSOVSKI, M. et al., 1976, KOCKEL, F. et al., 1971, MERCIER, J., 1968). Me
o OUyyEOVveS andyelg 1) Livn diéhevong Tov aywyol tomobeteita ot omy evémro mg Maoviag (IGME,
1993, KATSIKATSOS, G., 1992), MOUNTRAKIS, D., 1985, PAPANIKOLAOU, D., 1986). To avotohxd
Tjua g dhhote Covng tov ALY, avuotouel oe pa Bakdoowe aihare Tov TaoepupalhdTay peTalu m™mg
ZepPopaxedovinrs patug (amd to avarolnd) xat Tov vrobuhaooiov vRduratog Tov Idizov (Suted).

3.2 TO TMHMA TOY ATQroY XTHN EAAAAA

O yewhoyxol oynpotiopol Tov GuvavtdvIoL ®ord Wijxog ms xGeains Tou ayoyol oto EXanvizs tuipc,
QIO TOUG VEWTEQOUS TROS TOVS TUAULGTEQOVS EivarL:
Ohorawvinés amof€oeig mov draxpivovral oE:
®  AlhouPraxés amoBEoes moTapmy 1t xeudaoomy (al), mov amotehovviat ané appoydhizes, Gupovs, qnhovg,
appovyes apyihous. Ta vhnd cuviibug eivar aotivoeta petall Toug ®at £xouv UK mdyoc.
¢ IGjpara arofnpapévov huvav Agttay xar Aparéfov (H), mov arorehovvial ané thuédeic apyihove,
apyihovg, thi, AETTOXOR1OVS GUIOVE RAOTAVOD YODPATOS %ol OTUVIGTEQN THOEUPOAES adOGRORKWY Gy
RHOL YOV,
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e Ohoravizés amofgoeic adiaioetes (Ho) moooytosmv 1oy “OhddmY Tov amoTeA0BVTIL #VOInS amd epubpEg
apyikovg e aoPeonitind ovyxolpara. i Lives Ty yewdoowy #at 1ov Fudizol Tlotapoy, megiEyovy
%OORAAES HOU AUUOVS £VG) 0T PAOY TOVS ETUXOUTONY ZEOUAROTCY.

e Kovor ropnudrov (Q). Todreitar yio adooronxes duuovs, yuhixie, ®pordhes, aofeonimang #vplng
CUOTAONC, JLE OOVIOTEQES TUOEPRBOAES YahaOWV %poruhoOTY IV 1) 0YrOABwY. Epgavitovia erdylota #otd
jrog mg xaoaEne.

[Mhetotorawvixés amobéoeig (Pt). Amorehotvial amd eou0oEg appovyes apyihovs, epubpég apyLhovyes
Appovg %at omavidteod and didomagta yohima. Kard Béoeig mapeppdaihoviar gparol appoydhizmy wal
aofeotiTizol TOQEoL.

Neoyev o, Tlpdxertal yio oynpatiopois Tov Avatepot Metdratvou mov arxotehovvial and eovbogs
apy(hovs zaw uddelg agyihove, evalhaygs adOROMKMY AUUOY 1] CPUOYLGMIOV [IE PARUITES KoL pdpyec,
eVOMYES adOOROMLMV GUUWY PE CPIOYAAAN, YOAUOG #OOXRAAOTUYT] RO LGQYES) #UL EVUAAAYES AUPOV NE
AUUOUYES AOYTAOVE, HAOYES ®aL aQYLAOUYES GIHOVE.

Ioinara A, Howrowvou - Ohyérarvou. Woppiteg 7o #00xahomay Tou GUVOVTHVIUL 0TV TEQLOYY Apttav(E).

Towadiroi aopeotéhbor mov avijrovy omv evémra Bageiogwotov (Tx). Elval peadrorxot éng adpdronxot,
oupmeyeic vow %atd OE0EIS OTOWRATMDELS £WE AETTOOTOWUATHIELS, OTAVIA e TUQENPORES OLTOAVEV %L
EVOTOWIOELS YOOPLTLAMY T(LoTOABWY. '

Textoviopévy Lovi). Agood v Thvn Taedinhov daoeEemy Tov ®ataypdgeTat ®ovid ot Beon
“Aatopeio”. H textoviopévn avnj Covn (T-O) dlanonter ™y OTOWUATOYOUQLAT] TUVELELL TWY TOLAOLRIY
aopeotohbov ol Twv oplokiBov (ruping F'dfpoot).

Metapopgwpévo vrdpabpo-Taratolfoxd(gn). Medxertal yia yvedolovg ov dwaoyifovral axd
amhtoypuviTRES QhEPec.

ExpnEryewii metodpara. Doavimg (Fp) eouBpot yodpatog, Avo-10voaoxis Nhxias.

OgroMBxs oupmheypa. Tappoot (TP) Tov ogrombxol cvpmhéypatos pe ddomaptes @héfeg dafdom. Eivar
TONUREOUATIONEVOS Hett THQOVOALEL Uy v O TEVIrd Toavi] (pruvdpeve olothjoemv ot woromrdoewy (Ewmdva 2).

Baowo TEXTOVIRG YOO0HTIOLOTIRG TS YEwTeErTOVIXYS Livng mou eEetdletan elvar 1 LEMOELONS TEXTOVIHT.
O hBohoyxéc evémntes e Lavng mov meQuypdgmuray ot yemhoyix dowi g evpUTEQONS TEQLOYIS
AVTITOOMITEVOUY OVOLOOTUAD, 1) #AOE e, Eva AETOS TOV OUY%QOTETAL UG OQLOPEVOUS TYNUATLOROUS KL IOV
TEOERVPE amd OyeTIHES mvijoels dievbivoewg A-A.

TEQMOTIKH MEAETH NEPIOXHE PHEITENOYE ZONHE

FROM KP 12+200 TO 134500
GEOLOGICAL REPORT ON THE AREA OF INTENSE FAULT ACTIVITY

TEQAOTIRHE MEHKOTOMH
GEOLOGICAL LONGITUDINAL SECTION

o
TPOMETPA EARSOYE 1
ANOCTALEIA ADC APXH L]
——_— e~
XINTOMETPHEN -
] 1 km

KATMAKA - SCALE

Eixova 2. Avrimpooomevtixz yewloyxaf yagroypdgnon ot mepioyif ewdixijs diegevvnons and 12+200 -
13500KP.

Figure 2. Representative geological mapping in special investigation area from 12+200 to 13+500 KP.
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AnoBfoeLq Xelubppuv ond aupoxXGAIKEC, GPUOUC Kol apy [Aoug nmohd pikpol néyxouc.

Torrent deposits consisting of sandy gravel, sand and clay beds, of small
thickness.

KavoL xopnpdtav ond aofeotohOikd uhixd Kali UANLKE oplLohibBuv, Guuoug kol
apyiloug. Méyioto nayog 8M-

Detrical cones consisting of calcareous and ophiolitic material, sand and
clay. Maximum thickness 8m.

flotopoxeLpdppiec anoBégets nov anotehobvial ané epubpéc apyiAouc, apy LAOUXEC
&ppous Kol onavidtepa and Sidonaptoug XGALKEG. Ze eAdyLOTEg BﬁFE‘C
nopeppaiiovial paxoi oppoyadixkev. MEYLOTO EXT Lpdpeve néyoc 107"

River and torrent deposits consisting of red clay, clayey sand beds and
rarely of dispersed gravels. In few locations the intercalation of sandy
gravel lenses occurs. Maximum estimated thickness 10m.

EpuBpéc apuouyol Gpylthol pe abdpopepfi xAaotik& UALK& of evorhayéc ue
abpOKOKKEG GuUOUG Kot YaBupolc papyaikouc Younlteg. Méyioto néyxog 25
Red sandy clay beds with coarse clastic material alternating with coarse
sands and brittle marly sandstones. Maximum estimated thickness 25m.

Avoaxpuotaddepévol acPeatdAiBol prodxoxkol £wg adpdKoxkol, cuunuvslqﬂ
OTPUNOTOSE LG £0¢ AentootowlatdSELG, KEppatiopévol. Opatd mnéyoc 200
Recrystallised limestone, medium to coarse grained, fresh, bedded to thin
bedded, fractured. Visible thickness approximately 200m.

nepinou.

Tvevoiol pe Brotitn, kopdiepitn, oihtpavitn nou Siraoyilovtal and

anmALTOYpPav LTLKEC QAEBEC mMOU cunepléyouv Ta nopandve UALKE. STo TEXVNTE npov
eppaviletal £viova kepuationévog. fio QUOLKG npavh xahtnretal ond edagixd
pavdGa puikpol néxouc.

Gneiss with biotite, cordierite, sillimanite. The formation is crossed by
aplite-granitic dikes, which comprise all the above mentioned minerals. On
cut slopes the formation is highly fractured, while on natural slopes is
covered by a soil mantle of minimal thickness.

OpLol1BLké oUunheypo Eviova €farhotwuévo Kot TEKTOVLOREVO anmoTeloUnevo Kupieg
and gepikiteg, yhuplieg xou oAéBec Siapachv.

Ophiolite complex formations, highly altered and tectonised, consisting of
sericite, chlorite and diabase dikes.

Kotd faBoc 8.&Ppwon.
Erosion line.

NiBavd prhypa.
Possible fault.

Opatd phyua.
Visible fault.

[poteivépevn Béon epeuvntixkol ppéatoc.
Proposed trial pit location.

Nipotetvopevn €éon epeuvnt LKAG yedTPNONG.
Proposed exploration borehole.

Exdva 3. Avrimgoownevtixd cross hole test d1 otnv KP 7+000 xar CPT test p1 omyv KP 14+ 000.
Figure 3. Geotechnical cross hole test d1(in KP 7+000) and CPT test p1 (in KP 14+000.
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v neoiodo Tov Neoyevoic-Tetaptoyevolg €xoupe my ancdean v HEYAROV TTGYOUE PETUATIRWV IENPATWY
OV XAMPOY TOVE CATROTE OYNUATIONOTS HOtL CTOPOVWORY TCt peyahémn-evomreg. Téhog, oto TeTaQrovEVES
ONUELDVETAL EVIOVOS EQERRVOTIROE TEXTOVIONGS CAWY TV O)1 LOTLOMEV RO HOTOHOQUEPES TERTOVIXES RIVIOELS,
TOU GUVODETOVTOL GItd CELOJHY DPOOTNOLOTNTA.

Epgovitoviar piyuata, eyrapoie, dievBivoewg BA éng ABA, omog eivan Ta grfypata Bageloymelov,
Metahhuoy, Aomone Botong #at Qoaiondotpov. £ dodon twv onypdrov IThetonavizc vot Tetaptoyevolg
nhuiog amodidetal n dnpuovoyic Twv frblopdroy Tov Tetaptoyevev hpvainy amobéoewy twv Mpvay Agtlay
nou Apatépov. Enpaviuai eniong eivar 1 wepovoie onypdrov BBA dievbuvong, mou ywetouv TV EVOTNTa
Bagetoymoiov omd to fubiopara mg Alpvng Apatdfiov.

H oelopotertovin HeAET) oV exmovijinxe amnd to Aotepooroneio ABnvav evidmoe éva evepyd iypa,
exeivo Tov [Tohurdotoov mov Tépver oyedov rdbeta ™ xdoat. Me fdon ™ oelopoTERTOVLXY avaiion o
EDAPIREC PETOVIOELS ROTA Pf1OG TNG XAEAENS ExTyutnray 20 cm 10 PEYLOTO PETA UG OELOPO.

T #UPWGTEQH TEOPMINATC TOU TUQOVOIACTIHOY HATA TV EXTCVION TWV peketdv oto EAAvize tujpo mg
YGOUENC TOU crywyou frav ®uoilwgs: 1 vymA vdpogooic Ot 0QLOPEVK Tujpate kabug ®ow 1 Top] e ¥ApuEns Le
10 offypa Z1dnooxdotoov. Ot dierevoels ™G xGEUENS pE LERAQEOUS, TOTAULE #aL 0ROEVTIRG Ravdla HTay
neQLo06TEQES atd 100, pe xv16TEQES Tat diio peydha amootpayyLotrd ravdha pe avaydpara (AMpvn Apatdfov)
wow 1) Stéhevon tov Tahhinot motapov. Mapdha autd dev moaypatomouithuay onpavtirés ahhoyég om yaputn
HaL GUTG YLRTE OL YEWTEYVIRES el YEWROYIHES HEMETES Elxay nponynBel ™ rataoreMic.

Me Bdon 0 YEQTEXVIRG TOGYOUUPC TRaYpaTOTONiBnxay guvolixd, OTo eMnvird ujpa mg ydpakng, 3
cross-hole, 10 epevvnuurd goéata, 33 CPT, nat 9 Seryparonmurnés YEWTOHOELS OE delypota 1wy omolwy £ywvay
waw £0YOOTELORES YemTexvirég donpues. Kabopiomuray €rol ta nayn TV anobETEWY OTIS TEQLOYES TWV
SLELEVCEWY TOV Gy®YOU UG QEROTA, ROVAME, TOTAMLK, OL YEWTEXVIXES Hal vdpoyewAOyLHES TOVg 1OLGTTES
(Ewdva 3).

3.3 TO TMHMA TOY ArQroy XTHN I1.I'A.M.

To peyahiteQo TINJUC TWV YEMAOYIXWMV KOl YEOTEXVIXRGV PEAETMV EYLVAV A0 OUAdH YEWTEYVLRGY HoL
yewhéywv tov IMavemomuiov “Kupihhov xat MeBodiov” twv Exomiwyv, pe vaevbuvovg tovg Prof. Naum
Gapkovski xat Milorad Jovanovski og dpeon o ouvex ovvepyaoia pe ™y EAnvini opdda pehémg.

H ydoakn tov aywyou, omv mepoy mg ILT.AM. duaoyiler m yewtextoviry Lavn tou AEwi-Bapddon
(ARSOVSKI, M, et al., 1976, KOCKEL, F. et al., 1971, MERCIER, J., 1968, PETKOVSKI, R., 1992)). To
Gueoo yewhoynd V6 Pabpo g Livg (aoToYEAPNOMS K6 TOUS VEGTEQOUS TROG TOU TAMGTEQOUS OYNIATIOROTG
amotehotv:

Ohoxawvinéc amoBETELS, XEORUAOAATUTOTOY MY, hUmV ®at dupov. TTpdxertal yioe ovyyoves anoBéoeig ot
0MO(EC ATOTEROTVTOL (TG #EORGAES, AENTOROXRRES GUIOVS, Lhuovyes agyihoug, apyihoug ®at thi. Zravictepa
TOQEUPEANOVINL YOVOQGHORKOL GUUOL KO (RGO TTLO OTGVLCL yohapd wpoxahomay. ITheiotorawinég amobéoeLs
70U TOTEAOUVIAL ATd KITOWGTEROES thiiee, apyihoug, thuotiyovg dppous, SLAoTaTovg YAMAES HOL HOORANES
#aB6)g o ToePPOAES pardv appoydhrwv. [ToGxeTal yio TOTapOyE appLeg ruping anmoféoels avafabuidac.
Katd 0€0eLc oTLg OUUPBOLES TV YEWGRQOWY LE TNV XEVIQLXY ®OIT eppaviCovral pxeis Extaong nivol anobEoelg
GTOTEROUIEVOL ATTG SLAPOQ VMG HOOKAMDV, GUUMY Rl LAWY TTheroxavind Mpvaia Wjpore XQorahomaydy,
Gppmv zat aeyihwv. Metoxowvixd Apvaio IGIROTe 2Q0XAOTICY MV, GV How apyithmv. A. Hoxowvixd (ijpate
10U PAUOY, ROOHUAOTICY (Y, HAQYWV, TVOITIOABLY  How YappTwy oe evaihayéc. Meoofwixol oynponopol
drapaody, ommrdy xar YohaliTdv-povioviTdy. oL HETAHOQPWHUEVOL oymuatiopoi Tov ydpfpfpwy ov omolot
mapovotdfovy avdmTuEn o peydin Extaon.

Ot PECOLMKOT CYNUATIOROL E(V(L EVIOV(L TEXTOVIOREVOL (TG TS PAOELS TWV AATURDY TTVYDOEWV. ZE YEVIREG
YOOUES TCL TEQUOOGTEQX (TG TaL EVEQYD Q1fypaTa Eival rohuppéve amd TeTagToyeveis anoBéoeig f amd hpvaic
1Eriporte tov TThgwGxavov. Ee TOAES TEQUTTHOELS CUVOEOVIOL KOl PE TIG avaphioeig Oeppdv mydv (Katlanovo).
H Caévn tov AEov, 6mov xow yivetaw 1 Siéhevon Tov aywyod, eivor WOLa{TEQ M CELOPOYEVIS RO PETE amtd T
oeropotertovizy pehém tov IZI1S (Institute of Earthquake Engineering and Engineering Seismology of Skopje),
Sromotdbnuay 14 evepyd pifypata o TEUVOLY TN %GuEN Tov aywyol metpehaiov. Ta meQLOOGTEQN and
autd elvan xavovird ofypara (8) xou T vadhowta ogLlloviiag petariviong, ue pey€dn oelopwv and 4.5 péyot
»aw 6.1 g #A{paxrag Richter. Me fdon tig OELOPOTERTOVIREC aVOAUIOELS OL ESUPIRES PETORIVIOELS HOTA [{ROS
me xGeoEng extyinuay ard 10-30 cm To HEYLOTO PETE A6 OF LOpG.

Se avrifeon pe 1o eAnvind Tnjpe To Teo MOt TOU TUQOVOLATTIRAY OT0 Turipe mg xdoatng om ILTAM.
Titav oM mepLoadtepa. O ®upLdTeEos AGyog Titav 6TL 1 RATACHEVT] TOV Cy@YOU YLVOTOY TOUTOYQOVE IE TV
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EXTOVIO TV YEWAOYIRMV XL YEWTEXVIXDV LERETAV EVE) TOMAES (o0EC Ot pehéTec arohovbotoay v HOUTAOHREVY.
AuTo eiye oav amotéAeopa va vdapZovy 11 alhayés omy telu xdaoasn, mov avupoodrevay 1o 30% Tou
jzovs g ovvohwis ydoains. H aoyn ydoukn mou eiye opofemBel »utd wijxoc e #olmg Tov AEol
eyraraleigbnre oplomxd yio eopadhoviizons zal avarTuELaxotc AGyoug (podypata).

Ta xvoiotepa mpofikijnata mov dtamotdONRaY ®aTd ™Y EATEVNON TOV HEAETHV 0T0 T ™me yheasne Tou
aywyot omv ILT.AM. rfitay mpofhijuata oyetind pe 11g TOTOYOUPIRES ATOTUTHOELS, Tat EVEQYA OYyHOTa, To!
TEXVTA row Puotrd Tpaviy, omofodoopoica diafowon, or pmuopol kot ot Rutohabhoe, 1 vymin vdpogopia
O€ OQIOPEVE TIHOTEL, OL dLERETOELS TOU ABLOT Rail TWY TAOUTOTARMY TOV HE VYMA] ooy il OTEQEOTHOOK]
zalog waw oL avafkioers Beppuwy mydv o oglopéveg Béoeic. OL diehetioeis g YEAOUENS JLE TOTaOUS o dhhat
TEEVIRA (SOGROVE, avaydpaTa #.a.) frav TepLoosTepes ard 150 pe xuotdtepes Tic do diehevioeic Tov AEwov, 1ig
diehevioeis Tov mepamotdpmy tov “Peinja, Crna, Luda Mara, Bregalnitsa, Bosava xau Pridevska”. Me pdon to
YEWTEYVIXG TOGYOUUUA TOOYHOTOTOM IRV GUVORXA, 0T0 THjie vt g xdoakne, 3 cross-hole, 14 epguviiindg
pogata, 19 CPT, zar 12 derypatohnmunéc yewtoioels o8 Sefypota TV 0TOIMY EYIVHY %L EQYAOTIOLOHES
vewmteyvinég donpéc. Kabopiomrav €rol ta mdyn 1ov anobéoewy otig TEPLOYES TV SLEAEVOEWY TOV (ywyol
Q6 O TOTGULEL KO TEYVIRG EQYCL, OL YEWTEYVIRES %atl VOQOYEWAOYIES TOUS 1IN TECS.

4. ZYMIIEPAZMATA - IIPOTAZEIZ

Or yewhoyixes war yewteyvinés peréteg abmg #aL 10 YewTexvind mooyoaupua €5ouv ohoxinomBel xat 1
@aon mg rataoxev foloxeton o8 eEEMEN. Me fidon my epmerpic, To OTowy el TV eheTihv ®a Tic TAEATNONOELS
ROTC PTj#0g ™G XGEaENS HTootv vi SatuwBovy RATOLL CUNTEQACIATC Rt EXTIUOE LS OYETIAA UE TIG PEAETEG
AL TNV ZATACKEVT] AUTOU TOU ELOIXOT £pyou.

H modym epmepio amd €oya tétowag popgric €deike 6T oL Yewhoynés val yewTeyvinec EQEVVITLRES EQYUOLES
€lvoay mpofhipata tov agooolioay 1600 Ty aopakt ¥GEUEN Rt XATUOKEVT] TOU aywyot, 600 ®ut ™) peiman
TOU XGOTOVE TG XATAOREVTS TOV £0Y0U (0Ahayés ot ydpatn).

O ol TEQLOQIOPEVES TE aPIBPG ROt WITROC YEWTEIHOELS YUt TOV TOOOOOLONG ™G YEWUETOIOG TWV ONypdTwy
anédwoay oto aivord tovs. Ta otoyeia avtd fitav amagaimro va mpoodiogtadoty, agov JE TOV TEOTO CUTO
rafopilovral T pérpa mpooTaoiag (dxos aywyoy, edun] Bepeino, wixog emEEONC CELOULXOT AvdvvoU).

Te apuetég Béoeig mg xdpakng, iaitepa oto Tjpa me IL.TAM. rapotnenxav iaitepa moopiipata,
onwg omotodpopotoa didfewon pepdrwy ov uogei va enneedosL My evotdfeia Tov ROW, topéc Tou aywyou
pe eveQyd prynata, Lives tahondv xatohobjoswy, aoTdBEIEC TOUVHIV, TTOU EVIOTIOTHROY HoL CVTLUETORLOTRAY
OTN SLEQHELX TG KATUOXEVTC TOV EpyoU.

To epevvnTInG yewtexvind mpdyoappa oxedLdomue »watd T€T010 10670 HOTE Ta arotehéopata
TROCBLOQLOROY TWV YEMTEVIXWY TUQAPETDWY CELOMAS amdxplone Twv cross hole va OUOYETICOVTOUL PE TOL
anotehéopata 1wv CPT. Apgoo anotéheopa ftav 1 peimon twv cross hole xat twv CPT wa mapdAnha o
#AAUTEQOGS 0L TUO UVTLUTQOCWTEVTIAGS TOOTOLOQLORGS TWV YEWTEXVIRGY TAQUUETOMY.

Me 1o goéara, Tig yewroroes, ta SPT xaw Tig epyaompLaxés doxiéc, TPOTBLOPITTNHOY TCL CTPWUUTOYOUPIXE
XOQUATNOLOTIRG TV XEAOQWY OYNUATIOUMY, OL YEWTEXVIXES TOUS 1OLGTNTES *al oL oTGBpec Tou UTGYELOU
vdpodpou opiltovra.

Mapdhnia and ™y epmelpic VT TEORVATOUY (L PLa OELRG YEVIXGY TOOTGOEWY OV TOEMEL VL
Aopfdvovrot VTGN ROTA TY ROTAOKELT:
® Ze mohhEg MEQUTIWOELS %atd T ddvoiEn Tou ROW (Suéhevan mpooméhaom Tov aymyot) emydvovion Ta

ofpara (uxed xaw peydha). IMoémew va mapapéver ehetbepn 1 amooTodyyLoN TV QEPGTWV HE T avaloya

TEXVIRG €0V
¢ Tapamoeitan 6TL O ouyvd 0 aywyds dev arovpmd atov TuBpéva Tov yavtamol (RETd Ty TomoBémong
TOU OT0 YAVIGRL) PE QTOTEAEORQ VO Eivon XwQIS oMOIEN 08 peydho wixog (“free span”). Avté propel va

AVTLHETOMOTEL ®aT AXAS HE OWOT XATAOLEVY] TOU YUVTUXLOU ®o 0T OUVEXELX EGV TOTODETETUL ETAVE

0€ OGROUG GUIOV ROL RATOTLY TO XovTdnt YERTLeTan Pe Gupo. Anhadi yonowpomotovvron tovkdyiotov 20 ex.

dupov ooy vdorpmpa 1ot 20 £ AUUOL Oav ®GhUppa Tov aywyod (top, middle and bottom pading). Avnjn
TQUATIXT] TOETEL VO ATOTEAEOEL ROL TNV pévn emhoyr] £dpaong Tov aywyon,
*  Zuviotarar ahlayr] TOU TE6TOV XUTAOKEVNS TwV “Tip rap” ot onpeic SLELEVONS TOV aymYOU |Le TOTALA.

Tlgémer vor oTaorevaLovioL €101 HOTE Vo EMTEETOVY TOUAAXIOTOY £V pHEQEL ™ diodo Tov vepor. Alhidic

VTOOHATTOVTAL %Ol RUTAOTEEQOVTOL antd T1) Sidfowan.

® Kard m @don zataozevric tov ROW tov aywyod, ta teyvntd moavy toérel va €xouv 1jmeg whloelg now
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06 Tpog avdhoyee TOUS CYMUUTIORoNS, Vo yivovTat E0Y0L (WTOOTEAYYLONS RUTA T DIAVOLEN, TC VEQL TTOV
amooTOUyYICouy va odnyotvial of anodérm mov axégel 100m TOVAAOTOV ad TV (douEn #at TELOS oL
DELEUOELS TV PERATOV VOt YIVOVTHL OUNGQOVAL [LE TCL OYETAG TG 0D TOV EQYOU.
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TEXNIKOI'EQAOTIKEEZ LYNOHKEL LTO NOMO KAPAITZAE-
KENTPIKH EAAAAA®

A. TIYPTIQTHE', I'. KOYKHE'

IYNOWH

AvogEQovTal #at’ ayijv OToLEl TOV apogoly 0T HopQohoyia 1ol yewhoyu dowj g evputepNc TEQLO-
s Tov Nopot Kapditoag »at emonuaiveron n QAVayXaGTTa mS TEXVIROYEWLOYIRIC- YewTeyvinic Bedonone
TWY YEWAOY LDV OYNUaTopdy AGym T dpeong ovvOeomg pe Tic Suaqogec TEYVIXOOIROVOURES POt OLGTYTES
(roaorev] TEXVIROY EQYWV, OLKLOTINY YEVIRGTERX avATTuEN %o XOROEIC ¥Ng) ®abaig war my exdijhnon twy
HOATAOTQOPUREV PRVOUEVV Raut 181e(TEQE TOV HOTOAMOBNTIRGY. 2T OUVEYELD avahIOVTaL OL TEXVIROYEMAOYL-
%ol aUTOl YOQOKTHOES TWV OYNUOTIONGY PETH THC olivIaBng Tov aviiotoyou xGem Yo to Nopd ®Aipaxac
1:100.000. Ewdindtepn duaxoivovian 12 Blohoyés evémree yia ic omoieg Sivetal 1o EVROG OV aQopd Ta
QUOLHG- PNYoVIXA yooarTowoTxd Tovs. O Tapamdve xamg amotehel we ex TovToL Baows epyakeio vrodo-
WS yLa AETTOUEQEOTEQES EQEVVES %att XONOWO 0dNYG 010 MAAGI0 TwV dtapdpwy OYeSLaOPMY avdrTTuENg ®al
QVTLHETWILONG YEWTEXVIXGOY TQOPRANUATW®Y,

ABSTRACT

Data concerning the morphology and geological structure of the wider area examined are firstly given. Also
the necessity for the engineering geological consideration is stressed as this is directly connected with the vari-
ous technical works, land use as well as the mitigation of catastrophic geological phenomena and especially
landslides.

For the above purposes the engineering geological map of the whole county was compiled at a scale of
1:100.000. This map is a multipurpose, comprehensive and of small scale map. It contains 23 lithological unities
which in the frame of this work have been limited to 12 as follows: Quaternary (1,2 and 3 unities), Plio- Pleistocene
sediments of mixed phases, molassic sediments, flysch formations, transition zone to flysch formations, Creta-
ceous limestones, Triassic- Jurassic limestones, schist- chert formations, metamorphic rocks, basic and ultrabasic
rocks.

In the as above classified engineering geological unities and for the main sub- unities the range of the impor-
tant physical and mechanical characteristics is given. This information is coming from the evaluation of a great
number of geotechical works carried out in the area on behalf of various Organizations as well as the data from
similar formations in the Greek territory.

AEEEIZ KAEIAIA: Nopdg Kapditoag, Teyviroyewhoyinse xdomg, Abokoyurés evémreg, Puvowd rou punya-
VIRGA JOUQURTNOLOTIHA.,
KEY WORDS: Karditsa county, Engineering Geological map, Lithological unities, Physical and mechanical
characteristics.

1. EIZAI'QT'H

O vopdg Kagditoag xatahapPaver 1o NAKGS tujpe e ©Oegoahiog xat 1 CUVOA TOU ExTOON AVERYETAL OF
2.636 km’ évavni 14.030 m¢ ©eooahiag xaw 131.990 ™S xwoas, rirol 1o 18,8 % %o 2 % avriotouya.

AT0 popgohoyiuris mhevpds o vouss diaxgivetar oe S0 TEQLOYES, TNV TEdIVI] Mot m™mv opewt]. H meduwij
OVTLTQOCWTEVEL TO 48,6 % g €xtaomg Tov vopoy, eivar TeAelng EMITEDN Haw EXEL EVIOVT YEWEYIHG yapunTipa.
H opewij (vpdpetoo peyaditego and 200m) rovahapfdvet 1o 51,4 % tou ouvéhou xat arOTEAEL TUIIG TOV
ovyrgonjpatog g [ivoou- Aypdgwv xaw me ogooelpds tou KéCiaxa mpoc e Sutind evad vt rahintetat
and ™y 0gooelpd g Opbovog xaw g xaunhic Ndtag IMivdov. Ta televiaic A£00VLE TO T et QUTO TOU VOROU

* ENGINEERING GEOLOGICAL CONDITIONS OF KARDITSA COUNTY- CENTRAL GREECE
L. Mav/pio Marpdv, Twijpe Fewhoyiag, Pio 26500 Mitpa
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AUQOVOLALEL Evovn TAnBLoaRT) ATOYURVWOoT, oohoyrtt LITOPBABION %L OLLOVOLAY VOTEQNOT].

H yewhoyn) S0} #at 1] YEOTEXTOVIR] €EEMEN TOV vopou Exel pekem el watd xapots amo mohhovg &-
pevvnréc. TTAnv opog dev vdEyEL 1 VAoV EUTELQI0. OYETIRG PE TOUS TEYVIROYEMAOYIROUS YOUQURTIOES TWV
TYNUATIONMY 7O T YEWTEYVIXG T Aot OV Ot yemhoyés ouvbhireg VTayoEEioLY, Ta OOl Kau ouvdgo-
VIO UE TIC DIAGOQES TEYVIXOOULOVOIURES DOUOTIOIGTTES TOU avBRMITOV BTME LY. 1] ROTUOKEVY] TEXVIRWY £0-
YWY 010 TR0 TOL TOMHOV KL TEQUPEQELCXOT TYESIAONON, 1] OVALOTIHI] YEVIRWTEQ avamrun zabug xaw oL
yorjoeig yne. Tlpog myv rateibuvon avni emonpaivera Wiaitepa 1 ex0Mfwon Twv HUTAOTQOPUADY (POIVOUE-
va, 6mwe ot Zarohobrjogis, ov dnpovpyotv copapd rooPhinate aatdfeiag Twv moavay xabwg xal oL ouy-
Brirec Bepehimong Y Ta peyaho avamtuElard €0y Tov polorovial o eEEMEN (Apdevtind Dodyna Zpono-
pov, Enapyiaxoi dodpor Kagditous- Kaomevnoiov zaw Kapditoug- Agtag, Podyuc Toridg, Tijoayye EATOO-
e Tov Ayehdou ot Oeoouhi nedudda) 1 etvat vr6 pekém omy meooy (Podyuate Movtaziov #ATL).

Me Bdon ta tapumdve #eibnue oxdémpo va SLayoagel TO TEXVIROYEWAOYIXG Thaioo 0h6xANEOL TOV VO-
pov. IMpog mv ratevbuvan auni, tépa axd Ta Sedopéva me vraifoag epyaciag ouyREVIQWIN®aY ®al aEloho-
yifnxay Gheg oL PIPAOYQUEIRES (VAQOQES YLt TV TEQLOYI] TOU VOROU (3GOTES, HEMETES, TEXVIRES EXDECELS,
gpyaoiec vhm.). Erow mpoodlopiothzay o TEYVIHOYEDROYIROL YUQURTIOES TWV SLAPOOWY OYNUATLORWY ®OL OL
avriororgeg ouvdijxes evid mapdhnha ovvidybnxe nat 0 TEYVIROYEWAOYIRGS YAOTNS TOV VOROU OF HALpOR O
1:100.000.

2. TEQAOTTKH AOMH

H yewhoyxr O€om tov vopot oto 6010 peTakl sowreprdv xau eEwtepundy EMnvidwv #atOug ®oL 1) OUVEYL-
téuevn yewtextoviny eE€MEN ™g Oecoahunis Aerdyng omy TEQLOY, VIOdNAGVOUY TV 1OLUTEQCTITA TV YE-
WAOYIHGY OYNUOTLOPGY quTov. OL YEWTEXTOVIXES Caveg ov dopoty To VOpG ad Te avaToMUd TPOg Ta duTind
etvar ot £Eric (Mugywitg 1997):

i, Hedayovixrf. Anoteheiton and do OERES 1S eErjg:

Kovorohhxé vdpadoo (Mpo- AbavBoorogdpo- MEoo Towadixo).

Kovotahhxoi AopeotéhBor- Mdpupapa (Méoo Towadind- Kdatw Aldoro).

ii. Ymomelayovoui. Ko yooarmolotins yvHoLopa ms tdvne avtig efvar oL peydhes oprohBunég paleg va
1 ouvodevovaa autég oyLotoxepaTohbL] Stdamhaon o €xeL neydhn eEdmiwon. H optomun avdaduon mg
tivne €ywve oto téhos Horaivou pe ™ Mign mg aréBeong tov phvay.

iii. Yreomwduj vrotovy. Anoteleltan and o oelpég oynuaTiopdv: T oetpd Kotioma zat m oeipd Oupdua-
TOG.

iv. Qhovou- Mivdov. TlapovotdLel peydhn eEGTAwOo OTO VOUS, T OTRWHOTR de awnic avadiOnxay pe v Tk
wij @don mruydoemy Tov avadrepov Horaivou- Kétw Ohydrawov. Koatd mv Sudpreia mg gdaong avtig
€ywe 1 wog T dutird exdOnon ™S tivne Qhovoi- Iivéov vd popgr ralipparog Tave o€ avti ™mg
TapodéBou— Toimohng ®at TauTéxeova 1 Aemiwon Tav OYNUCTLOWMY TG,

v. TaPodPov- Toimoins. Korahapfdver pia pxorj tepioyr oto NA®G tijpe Tov vopou, O pévog oynpatiopos
e Lavng aumig OV CUMMETEXEL 0T MOooTrpwpaToypupt didpBpwan Tou vouoy eivar o ghioymg, N omo-
fzom Tov omoiou GEYLOE To AvaiTego Honawvo xau €AnEe oto 1éhog Olryoraivov.

Enione, ex16¢ aé T0Ug OXNUATIOHOUS TOV TAQULAV® evoniTwy onpovTind TIjue 1o ool ratahapfd-
vouv xat Ta petohund (ipota énmg or Mohaoouxol oymuaniopol mg Mecoehknvinng avhaxrag, Ta Neoyevi
(ot} epgdvion oto BA%G tujua Tov vopou) xabdg xat ot Tetaptoyeveic anoféoelg oL omoieg ruhimrovy
onuovTLY €XTeon pE ®ipLa avatuEn om @eocax Tedidda.

3. EYNTAZH TOY TEXNIKOTEQAOTIKOY XAPTH TOY NOMOY

Srov EMvine 3o ot YGOTES Tou £X0uV HEYOL OUEQQ enmovnfel avapépovian faond ong RERETES YIat
mv ®araorev dagdowy €oywv (dodpor, podypaTa, OTOOYYES) KO 0TV CLTOXATAOTAON CEYOMOYIRWDY Y0
owv e pynelov. Mua o) TEYVIROYEDIOYIXT Sudmoron TV oynpatopdy Tov EAMvizot ydeou diveton and
touc Kovun- Pto (1982). T ovvéxeia TQOomabeLeg Eyvay amd pa oelpd egevvney (Magivog %.d. 1983,
Magivoe- Zewddung 1987, P6Log 1989, Kovung 1994, Kotung x.6. 1994, TTvpywimg 1997, Tsiambaos- Koukis
1990, Tsiambaos et al. 1997, P6Cog ».d 1998, Koukis- Sabatakakis 2000, %.c.) e OTGYO TNV EXTGVION XAOTOV
£VOUTEQWV TEQLOYWV IOV V(L TEQIEXOVV Paoinég TEYVIXOYEWAOYIHES TANQOPOQIES YLt TO OYESILOUS TWV YOI OE-
wv e T eV épya ron g Tmboveég meptPaklovunég emurtiioeis. Téhog, ohonhnowbnue mpdogata 1) ovvia-
£n 1ov yewteyvirol ydom mg EMddag o whipaxa 1:500.000 (I'ME 1991).

ARS Tic apyéc Mg denaetiag Tov ‘70 oy evplTEQEn TEQLOYY TOV Nopot Kagditoag €ovv rataoxevacbei,
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Potorovial oe €EEMEN 1 eivar vad pedéty peydha avomruEland €oya. Zra mhaiow Ty €0ymv autv £xouy
ouvtayel #atd nawpoi Texvizoyemhoyol - YEWTEXVIRO! YGOTES OL 0olot Opmg elvan peyding xhiparag #ot
TEQLOPILOVTUL 0T OTEVI] TEOLOYT] TOU %dibe EQYOV. Z& ROl o6 TLS TUQUTAVE) TEQITTWOELS SEV EYIVE TROOTT(L-
BeLe TOOTDIOOLONOT TWY TEXVIHOYEMAOYIRGY GUVENRHY OToV EVOUTEQOD YOO,

To 1989, ou P6Log ».d. of pia mpoomdfeia rataypagric ot TUELVOUTONE TOV XATOMOBNTIADY Quivopévary
07O 0PEWVG 0dIXG dixTVo TV Nopot Tpoodidptaay Tig TEYVIROYEWAOYIRES TUvbires 0TO OUVOLS TOU jIE T OU-
vragn evog ydpm) oe #hipaxa 1:250.000. O daywEopsg TV evonitov Eyive pe xabapd YEWAOYIRA ®OITHOLL,
£VU) OIVOVTaL EVOEIXTINES TIHES VIt TIC QUOIRES ®at HNYaVILES IBLOTNTES UTWY #abig %on TANOOQOOIES Yic Ty
EMOERTIRGTTA TOVS OF #atohiotnon.

O teyvivoyemhoyinds yaome Tov Nopoi Kapditooc ouvtdytre nat'agpiv of Tomoyoagd vIGafpo
rhipoxag 1:100.000 xow weotehdupove 23 Mbohoyinég evémreg (Tuoywime 1997). Zto mhaiolo TS EQYOlUS
oUTIC 0L EVOTNTES TOL %dOTY €x0Vv meptopwale( ot 12 (Ewe. 1). H tegviroyemhoyi dudpboman tov yewhoyt-
#@Y oyMpamopaV, xetafhinze mpoomddeie v aviamoroiveTal om debivij oot Bewonon (Anon. 1972,
1976, 1979, Dearman 1991), 6mwg avtés €xovy duapoopubel HEYOL OMUEQCL, TQOCUQUOOHEVES OTLS IDLUTEQGTY-
TES TS YEWTEXTOVIXIGS €EEMENS %Al TWV YEMUOQPOAOYIKMY Xo0urTiomv Tov EAANVI%oU FWDOOU HUL PUOHA TWV
(PUOLHOPNY VXAV DEATAV TWV OYIUUTLOW@Y OV CuVavTivTan 0to Nopd.

MoGzerton howwdy yia €va Texvinoyemhoyin ¥dot moAamhos oxomov, CuvorTIXOb AAQARTIOW ROL pLrgric
whipaxac.

Ta elion THEV TOV ONPUAVTXGTEQWY QUOIKMY Kat ILEVIRGY TUQUUETOWY YLot #ABE pLa amd T evdmnteg
AUTES, GG TEORVATOVY (T Eva PEYGRO apLONG YEWTEXVIRMDV EQEVVAV TTOV €x0uv extehecDel 0Ty TeQLOY]
Yio hoyouaopd diagdomy Yaneeowdv xar Opyavioudv (KEAE, ITME, AEH. OSE., #AT) naBde ®aw amd my
aELOLGYNON OTOLYEIMV Vit AVELOYOUS CYNUATIONOUE OTOV Elnvixs yweo (ITME 1991, P6Cog 1989, Koukis —
Rozos 1990, 1993, Rozos — Koukis 1991, 1993) divovrat otov ITivana 1.

4. LYMIIEPAZMATA

H oyeddv mhiong €hhenym otov EMnvins y@oo yaptdy EVQUTEQWV TEQLOYWIV (GTTmS VOpay, dopeotopd-
TWV) OV V@t TEQLEXOVV Baoinég teyvinoyewhoyinéc thnoogopiec, 1 VAOTOMON-TROYRUPHATLONSS OTNY EVEUTE-
o1 eQLOYT| peydhwv avartuEiaxrmy Egywy odiymony oty oliviatn Tov TEYVILOYEWAOYIROU Y GOTN TOU VOROU o8
#hipora 1:100.000. Topguva pe g Siebveis andyels xaL TEOTATELS TOV Swrumdinray, o tapamdve ydome
amotehel Teyvinovew. 6 Xd, ohhamhot oxomol, cuvonmTixol 100 KO KON ®ALOKAC, OV Tte-
oapfidver 12 evémres. H mapandvm didroion xa OVOUATOLOYICL TV TEXVIXOYEWAOYIRMY EVOTHTWY omoiyn-
%E OF YEWTEYVIRA ROITIOLL.

O ydpmg avtés motevetan 6u Ba amotehéoel Baowé €oyo vrodopnc yia kemtopepéotepeg Epevves ahhd
#aw xofjopo odnyd-Poribnpa otig apuédieg vmpeoiec ToU Vopou ot o ®Ghe TEXVIHG, 0TIV TOORUTUOHTLHT
Qaom me peréng Tav Siagepwy TEVIRGY £0ymV oL TROYoUppaTiiOVTaL 1 Boionovraw oe eEEMEN, oy aotin
avamTuEn ®ow oty mpootadic Tov TeptBdhhovrog #aBdg xot OTNY AVTYETHMON TWV TEXVIXOYEDAOYIRMY TOO-
PAnudrov Ta omoia ouvdéovral e Tovg yewAoyixotc OYMUATIORONS 7TV SOPOUY TV TEQLOY.
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YIIOMNHMA- LEGENT

Evéupta L: AMovfiaxés amobéoels wixtdv gdoewy. Avanricoovror oto Tede Tprpd, €xouvy
ndog péxoL xaw 550m evea n vdpomepardmra, K: 102 10" cm/sec.

Unit 1: Alluvial deposits of mixed phases. They occur to the lowland part of the county with thick-
ness up to 550m and permeability k:107- 10" em/sec.

Evéuta 2: (@) AnobEoeis oTis *0ITEG TOTAUGDY- QERATWY XLl amooafpduara Twv yiow TETQW-
udrwv. (B) AAdovBiaxés amoféoels ue emxpdrnon twv adpouepy. ATOTELOTY TPOOYWAELS HOL-
Aadwv xa puTidLa yewdoowv. Tldyog peoinés denddeg pétoa. Ydponepardrra, K: 10% 107 cm/
sec.

Unit 2: (a) Fluvial- stream deposits and the weathered mantle of the adjacent rocks. (B) Alluvial
deposits mainly coarse grained. They are formations of lowland areas- valleys and torrential fans
with thickness up to some decades of meters and permeability k:10°- 107 cm/sec.

2 A Evéura 3: (o) Morduies avafabuides. (B) Mievoixd xogrjuara xat HWVOL ROPNUATWY.

aB A Unit 3: (a) River terraces. (B) Screes and talus.
DO Evéuyta 4: IMheto- [Mhewororavird Qijpate (Mrtdv @aoewy). Mdpyec, papyoirol Yappuites,
o Ymprdomayn wow zoorahomayr. Aywaies wal Tomnd motapolMpvaies anobéoeLs.

Unit 4: Plio- Pleistocene sediments (mixed phases). Marls, marly sandstones, grits and conglomer-
ates. Lacustrine and fluvio- lacustrine deposits.

° 0,0 Evémyta 5: Modaooxol oynuatiouol, Bahdooiag €wg hpvaiag mooghevong. Apythot, apyLho-
- PADYEC, LAOYEC, rpoxahoaryr, Yoppites. (@) Zynuatiouds Pavapiov. (B) Synuatiouds Kavali-
wv. (y) Synuatiouds Myrodmolne. (8) Zynuariouds Acoviagiov.

Unit 5: Molassic sediments, marine to lacustrine in origin. Clays, marls, clay marls, conglomer-
ates, sandstones. (@) Fanari formations. (B) Kanalia formations. (y) Mitropolis formations. ()]
Leontarion formations.
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Ewdva 1. Teyvixoyswloyixds ydorns rov Nouov Kagditoag.
Figure 1. Engineering geological map of Karditsa County.
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Evéupa 6: @ivoyns. Wappiteg, apythinol oyotéhbol, thuohbol, xpoxatomoy. (@) dvtixjs
Eidddac. (B) Kevrovaje EAddag. (y) Avatolixjs EAadag.

Unit 6: Flysch. Sandstones, siltstones, shales. conglomerates. (a) Western Greece. () Central
Greece. (y) Eastern Greece.

Evouyta 7: (0) Metafarixaf mpog to @Avoyn oeod, oynuaniopol Kevrounig Ehhddag. Evahiayég
aofectoriBov, Papurdy, apytrdy oxotohibmy, paeymy ot vepatohiuy, xpoxaho- hatumo-
nayav. (B) Hodrog plvayne, oynponiopol Keviouis Ehadac. Evalhayés thuokibov, aopeoto-
AiOwv, zepatohBav, Yopuwrdv. (y) Metafatixg mpos to @lioyy oewod 1j “Zynuarionds Egv-
Bov anhirdv Apvyddlng”, oynuetiopol Yreomvduris Yroluovng. (d) “Brotixds” gAvoys 1j xAa-
otixdc oynuariouds Mognjs, oynuatiopol Yrepmvdiuig Ymolovne.

Unit 7: (@) Transition series towards to the flysch, Central Greece formations. Alternations of
limestones, sandstones, shales, marls and cherts, breccia- conglomerates. (B) First flysch, Central
Greece formations. Alternations of siltstones, limestones, cherts, sandstones. (y) Transition se-
ries towards to the flysch or “Amygdalis red pelites formations”, Ultra Pindic zone formations. (8)
“Boeotian” flysch or Porti clastic formation, Ultra Pindic zone formations.

Evouy 8: AoBeotdiibor Konridixov. (a) Kevronrjc Elddas. (B) Quuiduarog- Yreomvorrie
vrolavis. (y) Avaroluxis EAddag.

Unit 8: Cretaceous limestones. (w) Central Greece. (B) Thymiama- Ultra Pindic zone. (y) Central
Greece.

Evémra 9: Aofeordifor Toiadixov- lovoaotxov. (a) Kevrowjs EAdddag. (B) Koliaxa- Yaeo-
Ao vrotawg.
Unit 9: Triassic- Jurassic limestones. (@) Central Greece. (B) Koziaka- Ultra Pindic zone.

Evomra 10: Sporoxeoarcibor. Evalhayéc xegutohiBav, muotwpévay thuohiBov, agytholi-
Bwv, agythopapyairdy oylotoribwy, Aertomhaxwdiy aoBeotoMBny xaL PopuTnY je Taeu-
pokég npaioteLanay ToQEoV xatd BEoeis.

Unit 10: Shist- chert formations. Alternations of chert, siliceous siltstones, claystones, marly shales,
thin platy limestones and sandstones with intercalations of volcanic tuff in places.

Evéupa 11: Metauoogpwuéva meroduara. (@) Kovoralixol oyordibor. (B) Kovorallixoi a-
ofeotoiibor- pdouapa
Unit 11: Metamorphic rocks. (a) Crystaline schists. (B) Crystaline limestones- marbles.

Evéuyua 12: Baoixd zar Yreofaoixd exonEyevij netpduara. (@) Iepidotites. ZEQMEVIVIONE-
vou tepudotites. (B) Baodires. (y) Atafdoec.

Unit 12: Basic and Ultrabasic igneous rocks. (@) Peridotites. Serpentinized peridotites. (B) Basalts.
(y) Diabases.

Opu LOYIXOIV EVOTNT
Limit of lithologi its.
loofabeic Tov vrofaboov Twv T toyevoy anobéoe WO e tov Nopou.

Contours of equal depth to the bedrock under the Quaternary deposits in the lowland area of the

County.
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Achrio Tig EMnvikig FewAoyikig Etoipiog, Top. XXXIV/S, 1715-1722, 2001 Bulletin of the Geological Society of Greece, Vol. XXXIV/5, 1715-1722, 2001
Mpoktika 9ou AieBvoig Zuvedpiou, ABrvo, Zentépppiog 2001 Proceedings of the Sth International Congress, Athens, September 2001

AXTOXIEX ITPANQN ITHN IIEPIOXH TOY OIKIZMOY
AOYPAATON N. KEPAAAHNIAL"
A. POZOY', E. AIOLTOAIAHE'

ZYNOWH

Zrov agdhio owriops Tmv Aovpddtwy oty Kegahhovid, £govv onuetwdel %outd xaipovc AOTOYLES MOUVV.
O héov meGopaTes TEORUAOUY avi|ovyies oTovg xatoixovg, xadic 08 W s Tic Toelg BEoELS exdfhwong 1on
mpooEyYCovy 10 Yo Bepehimong ratowmdy. Tia ) pekém Tov aotoyuiy autdy eEetdobnray o YEWUOQ-
pohoyirég ouvbhijnes, n oewouroT A, 1 TERVIZOYEWAOYIRT SLdpBoman, %alig %ot To VOLOYEWAOYIHG %uDECTHC
™S TMEQLOYNS, HE EMTOMES EEETATELS Mo eXTELEON YEWTONTIXOU mpoypdppatos. To tekevtaio Boribnoe om
YVAON TOV YEQUNLOVIZOV LUQOUATNOOTXGOY TV TYUOTIONGDY HEYoL Tov pdboug tov 30 UETOWV TEQITIOV KoLl
HOT ENEXTOON OTHY AvAAVOT EVOTADELRS TOOVAY 7OV TRy paTOTON|ONX®E e Yoion ewdixon hoyouxot. “Eto,
EYIVE RATAVONTOS O PIYAVIORUGS EXOMAMONG TV CtoTOYUOY %att ETAE ONxay T xatdlinha péroa orabepomoin-
a7)G, E OROTO TNV TOOOTAOIC TOU OO,

ABSTRACT

The present study refers to the determination and the full examination of the slope failures, which were
manifested at Lourdata village of Kephallonia island, and especially at the nearby slopes of the inhabited area.

Lourdata village is located south-east of Argostoli, the capital of Kephallonia in the south coast of the island
at an altitude ranging between 40 and 100m. The whole area is a part of the southern abutment of Ainos, the
main Mountain of Kephallonia island, while two hydrographic axes, which formulate usually steep slopes, domi-
nate in the village area.

Referring to seismicity of the area, Kephallonia is one of the Eptanissa islands and is considered to be of the
most seismogenic parts of the Greek territory. It belongs to the IV category of seismic risk, characterised by a
general seismic acceleration equal to 0.36g.

From the geological point of view, the wider area of Lourdata village consists of Neogene deposits (marls
and clayey marls), which are very susceptible to weathering and are usually covered by thick weathering mantle.
Diluvial conglomerates at the top of the hills overlay the neogene deposits, while both formations are locally
covered by lateral screes. These screes are products of erosion and weathering processes of carbonate rocks,
which outcrop north to Lourdata inhabited area, consisting the south slopes of Ainos mountain.

As carbonate rocks, which are formation with secondary permeability, sink southwards below the neogene
sediments (impermeable formations), overflow springs are developed at some places along their contact. Small
season springs and seepage appear at the contact between neogene deposits and conglomerates. The water from
those springs and seepage saturate the loose materials of weathering mantle of the Neogene deposits, conglom-
erates as well as screes, increasing their pore water pressure.

The combination of the aforementioned geomorphological, seismological, geological and hydrogeological
conditions favour the manifestation of slope failures (old and new). The causes of new failures, which are mani-
fested in three different places very near to the inhabited area, are examined in this study.

To this direction and for the better understanding of the engineering geological conditions in the area where
slope failures were manifested, 5 sampling boreholes were drilled, up to the depth of 30m.

Based on the results of the drilling programme, as well as on the engineering-geological approach, the
geological formations which structure the examined area were distinguished into seven (7) engineering geologi-
cal types.

The site investigation, as well as the subsequent slope stability analyses using the appropriate software,
helped in the study of the geomechanical characteristics of the formations involved and in the clarification of
the instability causes in the area under study.

* SLOPE FAILURES IN LOURDATA VILLAGE OF KEPHALLONIA ISLAND, GREECE
1. IGME, 70 Messogion Ave., Athens
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Thus, the necessary information for the understanding of the failure mechanism as well as the selection of
the suitable remedial and stabilization measures were gained in order to protect the inhabited area from further
catastrophic failures.

KEY WORDS: Lourdata village, Neogene deposits, Marls - Clayey marls, Slope failures, Geotechnical investi-
gation, Slope stability analysis, Failure mechanism, Remedial measures.

AEEEIL KAEIAIA: Owxionég Aovpddrmv, Neoyevels amoféoeic, Maoyes - Apythopdoyes, ACTOY{ES TOQVEV,
Tewteyviny éoevva,  Avdivon svotdBeiag moavay, Méroa amoxardotaog.

1. EIZATQI'IKA ETOIXEIA- MOP®OAOTTKOI XAPAKTHPEEZ

O otopss Twv Aovpddtwy eviomietal VoTLoavatohxd Tou AQYOoToAiov, ot VoL TAEVOG TS Vijoov
Keqakhviag (Spipa 1), avarriooeta de o8 NA/%G aviépetopa Tov 60ovg Aivov avav e rapdruog Lovng
»aw o8 MpSpeTEo and 40 g 100 m wepimov. O %WEog avdmTugng Tov oLopol TUOVOLALEL HETOLES £0IG LOY -
0fc ®AOEIC, TOV YEVIRG Eival NGTEQES OTO dUTIXG TURG LT, EVW QUTEG TOV HEVIOWHOU Hal (vUTOMHOU
TINIATOS EIVAL LOYVOOTEQEG.

Ao vdpoyoagumol dEoveg, pe Sevbuvon mepiov B-N, fonbodv omy amogpon twv ETUPAVELILADV VEQWV
OTY TEOLOYN] TOU OLLULOROT, O PIXEOYEINCEEOS “Bouom”, OTO XEVIQUHLG THIjIC TOV OLRLOUOY ®RaL O “PEYGAOG YEl-
uappoc” ate dutind avtov. Ot GEOVES auTOl SIOQEPIMVOLY TQUVI] HE LOYVQRES XMOELS, CAAG YEVIRG G)(L peydiov
thpoug.

7 .
+ mrpiox prAtmg R
9 %
)

Zyripa 1. Xdorne evromiopou 1 mepioyrs peAérms.
Figurel. Location map of the study area.

2. TEQTEKTONIKH AIAPOPQLH THE IIEPIOXHI - ETOIXEIA EEIEMIKOTHTAZ

H wijoog Kegohhovid, ®atd 1o peyahites e péoog, Sopelta amd nETpipata me Mpoamovhiag yEwTE-
wrovinnic Covne (1 Lovne TIaEdv) now pévo oto NA/XGS Turipa ™G, 67100 %o 1) TEQLOYY] £QEVVAS, ATAVIOUY
netompare ™ loviov Lovng, Ta onoia eivar enwbnpéva ndvo ote Mewoxawvixd otpwpara e Lovig [MaEdv.

H meotoyr pehéme avijxet omy yewtextoviri Livn IaEdv xat yewhoyind dopeitar and (ijpata ov Ave-
te00v Ohydravou éwg Avdtepou Mewdratvou. Edindteoa, o otmotinds 3o, ahAa man ) EVEUTEQEY TEQLOYN
TV AoupddTwy, Yewhoyird dopotvrar amd veoyevij ilijpata (RAQYES ®aL QY LORAOYES), Tat oola anooaBoa-
vovre elroha #at ouviiBog divouy oyl pavdia. Tevixd, oL oynuartiopol avtoi tov Neoyevovs diaxpivovial o€
&0 empéooug pdoeis o evalhdooovrat. H o, ov ivat ReoTavorTtovou £mg TEQEOXITOWVOU YODUATOS
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®ow 1) SEUTEQN, OV ElvOL TEPROY €0 UEAUVOTEPOOV YODIATOC.

ZTUC #OQUPES TWV AVIEQELOUATIOV it YEVIXG XATA WfROS TS ETTAGPS VEOYEVGIV xatt avOpamndy (tnudtoy,
oL oynpaTopol xehiarovia ané owihoy mdxoug Sthovflard xpoxahomayy, T0 PEYLOTO YOG TV OTOlWY
efvon Mg TENG Tov Alywv dexddwv pérpmv. Ta xpoxahomay oe morhég BEoeIC RaMimTOVIAL 0TS Yohaod TAED-
ourd roprjuata, opatol tdyovg 2-5m.

Am6 mhEVOAS TEXTOVINIE, RUIUPYO YEYOVOS OTOV EVQUTEQOD YOO £peVvag ®utd To Katwtepo TMheidkavo
Tita 1) emdfinom Twv oxnuatiopdy me loviov Lhvng ato Bemporipevo atitoyfov aiotia e Cohvne TaEov #al
1 EXAVASQUOTNOLOTOMON TUAGTEQWY CUVIENIOTOYEVIY KAVOVIRGY ONYUAT®V OOy AVAOTEOQU - EQPUITEVTIXG
ofiypara (B.P., 1966, Jenkins D., 1972, Sorel D., 1976, Nuzohdov K., 1986, %.d.).

‘Oov agopd omy TeEXTOVIN] TG EVEUTEENS TEQLOXIS HEAETIG, ONUELDVETAL 1) THQOVGIA HEWLOVMY TEXTOVI-
waiv duerpnEemv (onypndrwv) pe dievbuvon xupiwg BA/xY - NA/ st BA/x - NA/xi. e QUTES ROL VOIS OTLG
OEUTEQEC, EVIAO0OVTOL Ta Y IOLTe EXEIVO TTOV SLOUOOPMVOLY TCt GOLEE TWY TEXTOVIAMY AERCVHY anobeong Twv
VEOYEVOV ILNRATOV, TOU emupatotv omy napahiax Lovn mov eEetdletal.

ARG whevpds OelouxrdMTag, 0 EVPITEROS Xpog Tg Keqailovide, dnhadi avtée tov Entavijowy, Bew-
oelTaL aé Tovg TAEoV oElopoyeveis otov EMnvind ydpo. Kabag n meotoyi Polonetar xdtw amré rabeormg
OUWTECTIRWY TATEWY, ExdNAOVOVTOL Eviova oeouxd yeyovota. "ETol, 10 oelound e mapeAddy eival mhov-
ow ([Mamaldyoc B, Maraldyov K.,1989), pe peyohitepo 0elops otov mapdvre aubvo autév tie 12 Avyou-
arov 1953 (uéyebog Ms=7.2 fabipol g xhipaxag Richter), ov mpoEévnoe TepdoTies xaTetoTOOQES 01O vnot.

Téhog, o EMnvinds Avtiogiopnde Kavoviopds (E.A.K., 2000) xatatdooet my septoxy pehétne OTNV ®ATH-
yopia IV Covng oewopmis emunvduvémrag, pe oelopua] emdyuvon eddgove A = 0,36 g

3. KAIMATOAOI'IKEE EYNOHKEL - YAPOI'EQAOI'IKO KAGELTQEL

To péoo enjolo Wpog TV ATROTPUIRIRGY KaTaXENUVIOpGT®V 0T VNof, Exel Ty 820,0 mm, eV To pEYCLhi-
TEQO TOCOOTO TV fROYOMTWOEWY 08 enjoLa Bdon magatnoeitat 1o Sidomua OxtwPoiov - Amoihiov, pe enijowo
7000076 89,9%. Eniong, n pdkhov avEnpévn Tynj Tov péoov enjotov Beppoxpaciaxon etigoug (8,2° C) drevxo-
Miver Ty amooddpwon Twv TETOWUATWY HE XY BeppoywontiémTe, 6mwe eival ot aEyhag ROl paoyaixng
OUOTAONS OYNUATIONOL, TOU CUIUETEXOLY 0T Yewhoyua] Sopr ms eguoyis pekémg. “Etat Snuovoyotviar ote
veoyevi) Wrjpara ouvbrixes mov odnyovv, EQGoOV TUVNYOEOUV *at GALOL TAGYOVTES, GIMC OXVOES HAOEIC
MOV, TAPOVOiL TNYWY *AT, OV EXMAWON COTOYLHY TOAVHV.

Avagogurd pe 1o végoyewhoyns xubeotde, ot aoBeotdhBor yaparmoeitoviar cav Sevtepoyevic mepatol
OYNUATLOROL, ®UOTg Adym S LO¥VEYS TERTOVIIS Ratamdvnons. Eniong, mepatol oynuatiopoi Oempotvial
nopnuota e 7o vhrd Tov pavdia anoodfonons Tov veoyevav nudrav. Aviifeta, Ta veoyewii Wiparta oto
OUvolrS Toug yapaxmoilovion wg oxnuanopol xoeunhic TeguTdmTag fwe ToaRTIXG oteyavol. “Etol dnpovg-
Youvtow onpavikés ImyEs umeEmkiowong ot Sidgopeg BEELS, Gwg o O0TO 1EVTO TOU YWOLOT LE TV ovopa-
oo “Boion”. Mépa and avtég ng onpavinés mmyés, omv evpitepn meoloxr mov EQEVVONKE, OMUEUDVETOL
HEYAAOS COLBIGS ETOYLAAWDY PAQOTIYMV ROL ONPOVTLLWDY EXQOWMY, TTNY ETAH TOV HOORGAOTOY MV |UE TIG VITO-
HE(PEVES COYIMONAOYES TV VEOYEVHV. Ta VEQG GhWV GUTHY TWV TNYGY, JUKOOTNYMY RO EXOOGY, pEouy JwoEig
dievBémon mpog ta xavdvi, pogtiloviag €10l mEGoBETo. TaL RATE TEQITTTWON yahood VARG TOU pavdia Tav
VEOYEVAV, TOV XOORCAOTAYHV-VEOYEVEIV, TV ROQNIATWV 1] XL TV AVAKTOV GACEWY QUTdY.

4. TEXNIKOIEQAOTI'TKOI XAPAKTHPEL TQN EXHMATIEMON

I my whnpéotepn xatavonon Tov yewtevikdy ouvBnxdv mov emrpatoly oty TeQLoK] perETS, son-
oytomou]fnxav 1o anoTEAEORATA YEWTENTIROD TTROYQANITOS (Stavoiymxay mévie (5) derypatohnmmnéc yem-
TONOELS).

Ta amotehéopora Twv doxiyy vdponepatdmrag (Maag) empPeparcivouy Tig emTémiee TapamoioeLs, on-
hadij 6t Ta vhrd g Lovig €viovou zeppamopot xaw aroodfpwang yapaxmoitovia ooy xaunlijs Ewg uéone
VOEOTEQATITITAS CYNPATIONOL, EVEH OL HOQYOIROI-COYIAOPAOYAIXOT CYNUATIONOL TV veoyevdv oav wold ya-
unAic vogomegaroTnras TyNUaTIONOL.

An6 ta amotehéopata me doruuic TpdTumng dieloduomg mov TEaypETOTOBNKE OTOUS COYIAOUUQYHIROUS
TYNUATIOROUS, O aEtBUGE TwV ®EOVOEWY Yopuxrtnoilel 0xAnod oynuotiopd, pe extipdpevy (Biployoupurd)
avroyr o€ avepmodiom Bhiym, mov xupaiveron and 4,00 £wg 8,00 kg/em® (Aoitoc A., 1985).

Me Paom Ta ropiopata mg yemtexvirtc £0euvag, oL yemhoyixol oynuoTionol 1ov Sopoty Ty TeQLoyi peké-
g, danpibnuay oe entd (7) Texviroyemhoyirés evomres, oipgova je Tov 0dnyé e UNESCO-IAEG, 1976
(Zxrjna 2). Ovteygvinoyewhoyirol YUQUXTOES TWV THRWV auTelv, Efvan ot axdhovbor;
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Hapdxtiee Gupot: Appot, Yn@ides o xahxeg mowihov peyEdovg, Tov RUAUTTOUY THjpaTc TE TAQARTLOG
Ciovie Te TEpoytc. SNRATopds WrEo yevird mdyovg (1-3m). ounijbag mroyd dafubpopévos, jLe PEYEO
TOEMOES %ol undevixt cuvoy.

Anoféoeig noitng motap@v — xewpdepov: Wnpidec, rpordhes, oyudhbol, rpoxrahomayr. avBpurtric ®uol-
we mpoghevang ot hiyeg dupor. Fevind 10 Tdyog TOVg EfvaL KO0 RuL HOVO OT0 SELTA TOU #VOLOV VOPODERUTOS
amorTOUV peYdho mayog (7-8m).

AlhovPraxés amoBéoerg: Appoihuddn VAR fe HEo T0o0aTo YM@iduv xa YOOV Papumric — aofe-
arohBuic ovotaomg, peyedovg émg 4em. Xahapog OyNIATLONGS, fE Thy0g 2-5m Hat mbavig peYUAMITEQO OTIS
TUOARTIES EMIMEOES EXTAOELS.

Koprjpora: Foviddn Bpatiopora, ©ioie avioasixic tpoghevong, o hny dleoTdoemy, raotavépuboon yow-
JLOTOS, TILOUVERTIRA, e ReTES TtuepBokés apyhirwy Ay, To 00016 TOUS K0S Elval TS TAENS Twv 10m.

YNOMNHMA

" | Napanneg dppos
] woitg w
Adhoufhanis arotiong

Kopipara

Auboufaond Kporahomayh
Neayev fjpara

Ao Pearohbor Kpanbixou

Xipog xupiag oikodopedg SpaaTnprdm g
arov onaapd AoupBaruy

Minyis
- Mifoveg vexvovixic Sappifog (piypara)
~ o xan mlavi TpotaTaod Toug

< ™ Noratg bogents Bpavoess
*“13 Mpoogorrg cBogenic Bpalog

@ A1 Oion [pruvnTEwy YEWTPATTWY

Dippog Aoupbinay Sy r-a T kg Top

KAIMAKA
0 70 w0 210 Mom
— S—

Zyrjua 1. Texvizoyeodoynds ydotns weptoyrjs Aovpddrov.
Figure 1. Engineering geological map of Lourdata area.

AvhovBraxd xgorakomay: Xahagog £mg NIUOUVERTIROS OYMIUTIONGS ILE CURHETOYY COQOUEQV %Ol AETTO-
pepdy Vv o (oa repimov mooootd (50%). To adponet vhird eivar xuplwg yahres, #OORAAES HaL OTOVLO-
Te00 0y*GMB0L, EVA 1) AemropeEric ouvdeTX AN amotekeitar e EQUBQOT YEWRATOS thuoappddn €mg appo-
e vixd. To mdxog Tov oYNUaTORoD avapévetar mg TAENS Twv Alywv dexddwv PETRMV.

Neoyevij iGrjpara: Ataxpivovran o do @aoels mov evarhdoooviaL:

A) Ddon v xagravoxitovoy pagyév: TIeoIE el Y AMAES, ROORAMES, AEMTEC PUROEDEIS YPOPUTIRES EV-
otodoelc, aofeoTimind ovyrQIpaTA Rat xeMiEN 00TEARMY. AoTe oty OYNUATIONS NILOUVERTIRG £00C OTLPOO,
TOM Mg €mg Yapnhrig VBQOTEQUTOTTAS %Ot KNS EMG PEONS TAAOTROTTAS. ZTV EVQUTEQT TEQLOYN TO
ndyog Twv opLLévimy Tg pdong auTig @TdveL o 15m.

B) ®don tov uslavirepooy pagydv: Tlepthappdver vird appoilvddovs ovotaong, svanoodfpwta ®at
EUROA QEVOTOTOLOVIEVE, HE OMUOVTIAG TOOOOTO GORETTUTIAWDY OUYROUUGTWV RO nehign ootpdxrmv. TTpduer-
T YLa OYNUOTIONG NOUVERTIHG  E0C OUVEXTIRG %atd BE0eLS, TOAD yapniis €wg younkis vépomepaTéTTaS
raw proc g péong mhaotrémrag. To mayog Twy 0ptlEévimy mg pdons avtig Eemepva ta 20m.

AaPeotdibor Konudinov: Kirowotegoou yodpatog, PETOLW g LOYUOG ZEQUUTLOPEVOL HOL HETOLN CTO-
RAQOTWREVOL, PE DURTUMOYAUGES ROl KOG XOQOTIXG EYruAa. ZYNUATLONOS EVTEQOYEVHS vdponeputds, Aoyw
HEQUATIONOU UL ROQOTIHGTITOC,

Téhoc, amé Ty exTéLe0n epycomolandy Sormpudv ot emheypéva delyparta amd dudgopa pabn oe OAES TIC
YEWTONOELS, SIEPOOPOHENAAY TCL €O TGV YLOL T PUOLKOINKOVIAEL {OQUATIOUTIAA, TWV S0 dLaxpLtdy pdoe-
WV TV VEOYEVAY 1Enpdrwy, tov divovtal otov [Mivara 1.
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Ilivaxas 1. Evgn Tiudv Tov 20010y QUOtounyavixey yagaxmoiotixay tov dvo gdocwy tov VEOYEVWIV
Eyudrov.
Table 1. Rages of values of the main physicomechanical characteristics of the two phases of the neogene deposits.

PUCLEOPUNXAV LEA XOPAKTNPLOT LKA Evétnra Evéinta

EVOTATWV VEOYEV(AV OXNPATLOPGV | KACTAVORITPLVAV POPYHV pelavéteppwv papydv
piLo YSapdintag 27,70-53,90 % 26,70-44,70 %
Aeixtng NAaoTLRSTRTOC 7,70-31,10 % 2,40-24,20 %
$uoLxf} Yypoaocia 15,80-24,70 % 13,70-23,40 %
Yypé @aivépevo Bépog 1,87-3,05 gr/cm’ 1,98-2,34 gr/cm’
2npd ¢aivépevo Bépog 1,60-2,51 gr/cm’ 1,63-1,99 gr/cm’
E151x6 B&pog 2,67-2,70 2,68-2,10
Aéyoc Kevav 0,07-0, 68 0,36-0, 66
Avtoxf oe avepnddiotn OAlyn 1,19-7,00 kg/cm’ 1,06-5,86 kg/cm’
Zuvoxh (&peon 5i&tpcéde) 0,06-1,01 kg/cm® 0,07-0,83 kg/cm®
Tovia tpiPAg¢ (&peon Sidrpmon) [13,5°-39,5° 10,2°-42,9°
Aeixing ovpnmieordrntag 0,056-0,135 0,051-0,125

5. ALTOXIEL IIPANQN

H Umaoln tov yuhapdy eTEQOYEVHIV VSQOTEQUTMV VARMY TAVY) GTOVS TOUATLAG adLUTEQATOVS LDy~
#OUG-00YIAOUOQYEIHOUS OYNUATLONOUS TOU VEOYEVOUC, UF CUVOUCONG HE TV Rop@oloyic %ol Tov 1yvEo dtasto-
TWOWUO TOUE PEXOL OPEORG (uplng (e Ta veod ™ Pooyic, ahhd xat Tav mydv) Siapooqiver ouvkthixes aoto-
Botig Logpomiag, e amoTELeoHe TNV E4OMAMON AOTOYLGV OTCt TOVY].

ZmV TEELOYY TOU OLiopol AovpddTnv, EVIOTIOMH®aY TeELS ®upine Ofoeis AOTOYLOV TOUVEY (Zyrjpa 2).
And tig BEELS QUTES 1) TOWTN UVAPEQETAL OF (OTOYIES TOU TEOERVPUY (TG TY OYETIRA TEGOQUT didvolEn
HOWOTLXOU YWUATIVOL EOHOV 0TO TUVES TTov dlapopquivetar oty Béon IMhayiés, ota voTloduTnd Tov oint-
opov. Ot dhheg 00 apogov emavadOUoTOLOTONOT %l ETEXTAON TUAUOTEQWY UOTOYLHY GTO VOTIO ROl VO-
TOAVOTOAXG TPE TOV oteLopod. Avokutirdteon, yuo #ale Béon exdilwong ratoModnTxdyY pavopugvay on-
UELDVOVTUL Tt ardhovbe:

Ofon 1'. Zro moaves mg Béomg “TThayd” (mov dopeitor amd Teqoéc £0g pehaviteqoee udoyes Tov VEOYE-
VO, 0 Tet e povOUOS TV OTOIWY VY VIETAL, OTA VHTEQM THIILATC TOV TOUVOUS, [1E TAEVOIXA 7opnuaTa)
gzovy onpetwlel oto TaEehGY notoyles, Tov oproBeTovvial amd Tic EXPORES TOV “peydhov yetpdooou” ota A/
%A TOV O1LopoU, @BAVOLY PEX oL To Tipog Tou detitepou ehiypot Tou youdrivon dpduov oy odmyel oy maoahio
noL ®oTehjyouy oto ®iplo pépa g “Botonc”,

Avtileta, T VE QUIVOIEVH TOV ONUELHVOVTAL EIVAL UXONS ExTaoG, OUVvdEovTaL e avlpmmoyeveis mu-
oeppaoeig (6mmg . davolEels SOOPMY) xaL pe TOV VIEELOVIO EEGTIO 00ILOVTL, £V TOOC TO TUOGY EVTOTI-
Covrar oe Téaoeois »uplng BT Ywois va evomototvia o peydhec Eives aotopdv. EE autdv, ot TOELS OYETL-
Covtan dueoa pe T dLOPGEPMOT TOV XOWOTIXOT SPGB0V, 0 OTTOI0G e d10 KAELOTOTC eArypovc ROTUhjYEL OTNY
ragahioxt Covn (Dot 1), eva 1 ahkn evioriletan avatolxdtepn o8 aypotix éxtaon. O aotoyieg oto dpduo
agogovy edumines DoalioelS ot emyBpaTa, ot Vhrd anoodfomons Tov papydy, #adie RaL oy ETapi
rporahomaydy — pugyuv. H extdég tov dpdpou aotoyio amotehel edapinr Boaion pixody diaotdoemy mov ExEL
exdnhwbel ota yahaod vhxd Mg Lhvng aTooGHpwoNg Kol REQUATIOHOT TWV HAOYMY.

Ta aftia exdMhnwong TV GOTOXLBV 0TO %HRO TOV EGHOV EfVaL RUTE TEQITTWON), 1] SOAOT TV ETUPAVELURDY
vepdv ov péovy ywoig dievBémon, 1 wyver ®hion Tou QuOKo TEAVOUE, 1) ¥UrhOEOpiH TOY VAGYELOU VEQOU
OV ETCAPT) KOOXULOTAYDY-VEOYEVWMY, 1] QG0N TWV ETPUAVELHAMY VEQDV IOV DEOVY Ywoic dievbémon mpoxna-
Mivtag pevaTomomoELg, von TELOC oL avBowmOYEVE(S TUOENPAoELC (OrdvolEn dEGHOV, EMYMUATHOELS GUTOT
whm). T€hog, 1 ext6g dEGUOL wotoyic oPefheTal OTO CUVOVUONG TS AIGTOUNS HOQWOADYLUS |LE TOV OUVEYY
EWTOTIONG TWV VMRV TOU povdie amoodBomons Twv pupymy s T0 VTGYELD VEQS TOU EXOEEL OTITY (VAVTL TG
aotoylug Exap) ROORULOTUYHY-VYEOYEVHY, thhd XUQING TOU YEQOT THV EVIOVIV BOOYOTTATE WY OV TOORUAE]
QEVOTOTONOELS KUL ENMUPEQEL HOTOY(ES TWV VAXMY OTOV VIGYN YWOO.
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Por. 1. Aotoyia oro TeXVNTO TPAVES TOU dgouov (1" Bon).
Photo 1. Failure at the artificial slope of the road (1" place).

Ofon 2". H dettepn 06on aotoyuiy evIOmiLeTal 0T0 aVUTOMRS TRAVES TOU PENATOS “Bovong”. ITodunertan
e £dagurt Bociion o ohioBnom 1 omola gaiveton vo exdnhuvetar ota vhxd mg Luvng aooapwong rat
HEQUATIOPOU TOV LUQYMV, OV SOPOTY TO £xel DIAPOQPOUNEVO OVIEQELONL, OTCL AVAVTY TUATA TOV OTTOLOY
evromieTal 1) emagt ®poxahomuydv 1o veoyevav. H aatoyia avnj, mov eivar Tetahoetdols poogic, €t
exdnhmBel pe Thdtog veqahig meolmov 30-40m %au wixog darapayis 60 m TEQITOV %o OTHEQH N 0pLaRY| ™S
Boaion PoloreTHL 0TO VPOUETEO TWV 65m TEQITOU ®aL amethel ol ov eivar Oepehuwpevn exel (Por. 2).

Kipuec auriec exdihwong me aotoyfag avnic gaivetal 6Tt £ival 1 VIT0o%ag] TOV TEOVOTE TOV PEPATOS
ané T em@aveland vepd, ahhd rat autd mg myric “Bodong” mov eivau ouveyovg poric zat TaPOVOIGLeL
JLEYAAN TIOROYY RO O CUVEXS EPTOTIONGE TwV ARGV ToU pavdia arootiowong tov VEOYEVUIV (td T) dpdom
TOU VEQOT TWV EXQODV-IUROOTIN YDV TG ETAPIS AQORUNOTYHY-YEOYEVMY, A 7ot Te VEQU OLRLURIG yonone
Q6 TAOUHE(PEVO OTTiTL, IOV YivovTaL aveEELeyrTa OTOV (Y0 apéETng avavL g optaxic Bpaiong me vroym
aotoyiag.

Ofon 3" H Béon avmi evidooetal oe pia Lovn mohaudy eXTETOPEVOY RaToAodTRay PULVOPEVIV OV
elyav 010 TEEADGY EAMEEGCEL TO TOUVES TS VoY BEomg, rabug wouw Tig NA/zES ATOMIEELS TOU OLXLOUON,
pExot Tou MipopEToou Twv 80m mEpimon.

ToGxerton yic Stodoyiéc edaguré Dpaioeig TeTahoetdos Hogg, ot omoles exdnhdivovral ot AT
dudraEn ota vhzd me Livng aroodBpmong ®at XEQUATIONOT TOY VEOYEVAY IEnudTwY, Tou SOpOTY T0 eXEl
SLUPOQPOVUEVO (VTEQELOLLL,

Kipte artiae e40AwoNg Tov SLadoyidiv eoToyudy OTo WGy ToavES, (puiveTat 6Tt eivat 0 CUVEXTS ®at
[ELOL TAMQOUS ZOPEOROT EPTOTIONOE TOV DALMY TOU pavdia amoadbomong tov VEOYEVMV (O TA VEQA TV
EXQOMV-IUAQOTY BV TN TGS XKOORUAOTAYWDV-VEOYEVIY, Tct OOt QEOVY aveEEREYHTL ETMUPUVELURAE YWDIG
Ao devBgmon.

-
3

TR
¥

X, Pros s X ’

Dor. 2. Amoyn i xatoliobnons oto Alxd Teaves Tov xevrgixov péuaros (2" Bon)).

Photo 2. Landslide view of the Eastern slope of the main ravine (2" place)
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6. ANAAYEH EYETAG®EIAL ITPANQN

Me pdon o avorépm #oltnre oxompo, e YONOOTOMON TV SEAOUEVOV TS YEWTEXVILIS EQEUVIS, Vit
yiver avaivon gvotdfeiag oe dvo O€oelg ToUvav 1E 100N #UTAAAOU AoYLopAON.

H avdlvon evotdBeiag moaviv meotéhafie, extog o TS YEWTELVIRES TADUUETOOVGS, 6TTNE (UTES #abop(-
ofhray and Tig epyaoies TEdiOV %al TS EQYUTTNOLUXES SOXIUES, TOV ANUQUITTO OUVTEAECTY] GELOUIHIC ETTITC-
xuvomg (@), 0 orolog oy TEoxepEvn mepimtwon ehjpb (oog pe 0,36 g (Kamyopia Zewopnic Emvduvim-
tog IV, otpguva pe tov E.AK., 2000), To hoyiopxd mov yonowomonjinxe oty avaluon evotdfeiag moavav
givan To mpoyoappa Larix-3 g etaupeiag Cubus Hellas.

Evdenin yewhoyuw] Toui mov yonopomonjinze amy e@Qappoyij Tov oyetizol AoyLopxol, divetar ato
Zynua 3.

YNOMNHMA
nctpdlmtc; dppol
r A Mhouﬁmxtg aTmoBéoEeig
mﬂ' Braxd kpoxahoayr
@ Kaoravokitpiveg pdpyeg

M:.\uvér:uppa; Hdpyeg

100 +

50

Zyijua 3. Evoewxetizyj yewioyxj Toprj ota Alxd-NA/xd s owotiajs mepioypjs.
Figure 3. Geological cross-section in the E-SE part of the main dwelling area.

And mv eneEepyaoia Tov amoteAsopdroy ™ mapandve avdaivone (Mivarag 2) TOOEXMPE OUVTEAEOTIC
COPAAELRS TOV TOUVOTE, TOU YLt JEV TO TOUVES TOU XOLVOTIHOU YOUATIVOU dp6Iou TTov odnyel oty Tapahic
(topr] A-B) rupaivetar and 0,70 (omy xewpdtepn nepintwon) wg 1,29 (omy wahitepn nepimtmon), yic de o
TEAVES A/rA-NA/A TG weviputis owomiric meptoxis (topi I-A) zopaivetar and 0,70 (omv yepdteon mepi-
mrwon) €wg 1,71 (omy nakitepn mepimtmon).

Hivaxas 2. Zvyxevrpotixd axoreléouara Avdilvons Evordfeiag Hpavav.
Table 2. Slope stability analysis results.

Tpfipa Euvteleotfig Zuvteleotfig Euvteleotfig Zuvteleotfig
aopdhelag und aopdheiag uvnd |aopdheiag vnd Enpéc|acpdieiag vnd uvypég
Enpé¢ ouverfixeg | vypég ouvefxeg |ouvefixe¢ xaL oelopd |ouvlfixeg xalL ocelLopd
Topr A-B 1,29 1,06 0,92 0,70
Topf| T'-A 171 1,22 1,10 0,70

Zipgova pe ta dedopéva twv avalicewy Tov dtagdony oevapiny, oL Boaioelc gaivetal va exnpedtovy
®OLTIG PAOYES, EVI) OF TUHOTA TV VTG EEETHON TEQLOYMV WTOREL, VS 0pLOpEVES TpolmoBEoELS (Ruping oevd-
0LO pE VYQRES OuVOreg %aL 0ELOPG) va exdNhnbotv fabitepes wal TAEOV EXTETUPEVES RaTOMOBNTIRES vijoEIS.

7. EYMIIEPAIMATA - METPA IIPOETALIAL

Me Bdon Tig TUEUIGVL avapoPES, OTov OIond Twv Aovpddrwv g Kepailovide diamotdvera n ma-
QOVOTC TEGOPATWY AOTOYLHV TQUVAY OF TOELS Hupimg DETELS, TOU EVIOMTOVIUL OTLS VOTLES ATTOMIEELS TOV OL%O0-
SO KooV,

[ Ty 7000Ta0le TG OLALOTIANS TEQLOYIS KOl TNV QVTLHETMILON TV EAMAWDEVTOV RaToMoONTAdY Hvii-
oemy, rabdg exfong Y amo@uyr REAOVIIIC ETEXTAONS TWV QUIVOLEVOV QUTWY, PE TedxAnom Tnuidy oe
HOTUOHEVES, TOOTEIVOVTAL, [IE BAON TN PO TWV THEUYGVTOVY OV CURPETEXOUY 0TIV EXOTAWON TV QUIVOE-
VY, AhAd ROLTO PNYAVIORG EXONAWOTS CUTEY, CUYREROIEVH pEToa Tpoatacias. Ta uérpa avtd eival o eErc:
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o ALEVDETNON TOV ETLPAVELAXDY VEQWHV OTO (OO TOU OLALOROT, HE TV RUTAOUEVY] ENEVOEDUUEVIS AUACROG
ATO E0WTEQIXE TIILE ChwY TmV SPOHMY TG OLXLOTLANGS TTEQLOYNG, YLOL TNV TTHQOYETEVON] TOUS EXTOS OLALOTIAIS
TEQLOYE OTOVS uORovg GEoveg amoppons (€pota). ‘Oheg oL alhareg TEMTEL neQLodnd va raboolCovrat
wat va eEaopalleTal ) ouveyc ®ou omoT| Aettovgyia Toug.

o SuyREVIOOON-UDOOUACTEVON oIV VEQUIV CROV TWV MYV #at e£00MY ToU avaflilovy ko my ratdhinky
(oTEYUVI}) TUEOYETEVOT TOUS OTOVS uOLLolg GEovES amopEors (pépara).

o Koraoxemj otoayylomoimv, yio Ty TUmEivmon ToU eT031exol vdeogogoy 0pILoVTO %ol TV TUQOYETEVON
Shov TV VEQHV 0TOVS Quotrols dEoves amopoos. Avtd Bu rataorevdlovrar pe fabsida Bepehimon oto
ETWTEQIXG TMV TIIATMY TOU 08100 dixTi0L TOU €0V ENNOEAOTED a6 TIg TEGOPUTES ctotoyies. Katdhin-
) oteyavii emévduon (my. amé yewpepfodvn) o tomoBeteltan o PAom TOUS %L OTO RATAVIL TN TNE
StaTojic TOUS, GE GUVOLAONG |1E TV Rataoxev enevdedupévng avhanag empaveraxd. To €pyo avtd elva
OUOLUOTIRIS ONPAOTAS Y1et TOV 7ZEVTOIXG DOGIO TOL YwELOT GTou VTGOYOUY OLriES, oL omoleg, £’ 00OV OL
aotoyies eEehy 0oy, Bot VTOOTONV ROl QUTES TIC CUVETELES TOUE.

o Eyuifononds me zolmg tov zeviool oépatog me “Beiong” xat mpootacia tov Ipavidy autou e Ty
TOTOBETON EVAUUTION RATAOREVOV (Y. CLOpaTOXPOTIOV) OF #hpaxomn] ddTaEY, 08 CUVdLOONGS pE TV
HOTAOHEVT] JUROUIV SUATOTEYVIAMY (ayIdToV EYrdpaLe g xoimg auton. "Etol fa amogetyetal 1 didfow-
O TOV TOAVEV %0t RUT EXERTAON 1 1RO TOV OOTOYLHY.

o Kataozevi, péoa oty dictapaypévn Laovn mg tofmg D€oeLs aotoyudy, Tdgoou wroatodyytong ue diafab-
JUOLEVO VMRG ®at pe T poogii “pagoxdxaiov”. H tagpog avni Bu amdyet 6ho ta VEQA TQOG T #ATAVTL
OTOVS PUALKOTS GEOVES amopEONS (0fpaTa).

o Tomxéc avuomoitelc moavev dodumwy ota omoia €xouv exdnhwbel aotoyles, He EVAUNTTES ROTUOHEVES
(m.y. ovppatorPuiticr) oF ®hparoTi dudtaEn wat pe fabewd Depehinon.

o TTuxwi devdpogitevan (1e Pabipoila xat YOIYo0n avartuoooueva dEvdpa) Twv diataguypévay Cuvay
TOV TIRUVOUE, YL TNV TEOOTAO(H it PEALOVTIRES aTOMONTIRES HIVIOELS,

8. BIBAIOTPA®IA

B. P. Co LTD, (1966): I'twloyixdc ydorne Keqgallovids, »hipoxag 1:100.000

B. P. Co LTD, (1966): I'twloyixd amoteiéouara ex ms epevvys 01" avalijojow metpeiaioy eis Avtiajy EXAdoa,
“Exdoon ITME, No 10, 73 oehideg, Abjva.

Commission of Engineering Geological Mapping of the IAEG (1979,1981): Classification of rocks and soils for
Engineering Geological mapping. Bulletin of IAEG, Vol. 19, pp. 364-371 & Vol. 24, pp. 235-274, Krefeld
Germany.

ITME (1985): lewldoyixds ydotne Kegailovdg, whipaxag 1:50.000.

JENKINS D.A. (1972): Structural development of Western Greece, A.A.P.G. 56/1 pp. 128-149,

AOIZOZ A. (1985): Edagopnyavini-Ospeiuioeis, "Exdoon EMIL, 494 oelideg, Abjva.

NIKOAAQY K. (1986): Zvufoiij oty yvaon tov veoyevols xai s yewioyiag xat optobétnons twv Lovay loviag
xat HMopoamovias oe ayéon e aetpelatoyemoyixéc maparnonoes xvolws ota vyotd Zroogadeg, Zdxuvbo,
Keqaiinvia. Mdaxtopua doroifij Mavemompiov Abnvav, 228 oehideg, Abhjva.

[TAITAZAXOZ B., TTATIAZAXOY K. (1989): Ot cetouof tye EAdddag. Exdioers Zajm, oehideg 356, Ocoouho-
Vir.

SOREL D. (1976): Etude Nfotectonuque dans I" arc Egben externe occidental:les iles de Cephalonie et Zanthe et
P'Elide occidentale. Univ. Paris XI, Sud-Orsay, Those 30me cycle, 196 pp, Paris.

Y.IIE.XQ.A.E.- O.AZIL (2000): EAAngvixds avriosiouxds xavoviouds (E.A.K.-2000), 152 oehideg, Abiva.

UNESCO / IAEG, 1976. Engineering geological maps. A guide to their preparation, The UNESCO Press, Paris, 79 p.

- 1722 -



Achtio Tng EAAqvikic Fewhoyikic ETmipiog, Top. XXXIV/5, 1723-1731, 2001 Bulletin of the Geological Sociely of Greece, Vol. XXXIV/5, 1723-1731, 2001
Npaxmika 9ou AeBvoig Zuvedpiou, ABiva, Zemépfpiog 2001 Proceedings of the 9th International Congress, Athens, September 2001

®AINOMENA OAIZOHEIEQN XE YIIOOAAAXXIA ENEPI'A PHEITENH IIPANH:
IIEPIOXH ITANAI'OIIOYAAZL, A. KOPIN®GIAKOZ KOAIIOX’

A. EAKEAAAPIOY', B. AYKOYEZHE , T. POYEAKHE' & II. TEQPTIOY'

ZYNOWH

Femteyvizd dedopéve ad 1o xepoaio mpaves Mg meployrc mg Mavayorothag xat yewhoyind — yew@uot-
% DEBOUEVH (16 TO VTOBUAGCOI0 TOVES EdELEMY OTLTO EY AGY® TOaVES Aertovpyel eviaic. Amté ta vrobohdo-
oLt OTOUKELC TEOXUTTEL OTL OL ®UpLES empdveies ohiobnong evromilovrat oy exag HETOET TOV AATURWOV
aoPeoTORBWY %ol TWY TAEVOLAGY ROENUATOV UPEVES %o PETUED TOV TAEVOLAWMY ROONPATOV KOL TWV Oaho-
oLV TOVERSmAHY aobEEmY agETEQOV. TT0 YEQOM0 TOAVES ot oMothjoelg evroniCovral péoa ot Thevord
woonuate. Ot ZvioeLg oto 7e00aio Tpaves emPagivouy Ty evotddele Tov VIOHUAGCOLOV TEUVOUS EVE UVTi-
orooga mOavES olofioels oto uToDEAGoOL0 TROVES TEOXUAOUY UITMAELL OTHOIENS OTO YEQOMIO TOOVES.

SUMMARY

The Panagopoula slope area belongs to the southern faulted margin of the western Gulf of Corinth and is
located above the trace of the southern marginal fault. Mesozoic limestones of Pindos unit represent the base-
ment of the area and are covered by debris and talus cones. Detailed mapping and monitoring on the land slope,
carried out by various institutions showed active creeping within the debris at the lower part of the slope.

Systematic bathymetric and geophysical survey of the submarine part of the slope by using a Boomer seismic
source fired at 175) and signal’s frequency between 0,7-3kHz revealed the presence of three lithoseismic units.
The lower one constitutes the acoustic basement of the area and corresponds to the alpine limestones. The
second unit outcrops at the shallow upper part of the submarine slope. It is characterized by chaotic reflections
and represents the continuation of the debris deposits offshore. The upper unit is stratified, with continuous
internal reflectors wich alternate with transparent horizons. It is interpreted as a tourbidite sequence deposited
during Quaternary on the sea-bed of the Gulf of Corinth,

Deformation of the internal reflectors of the turbidite sequence at the base of the submarine slope, as well as
the internal structure of the debris deposits, indicate active downslope submarine sliding. We interpret the
limestones — debris contact and the debris — turbidites contact as the main surfaces of sliding. The deformation
of the internal reflectors results from the down-going movement along the aforementioned contacts.

We suggest that both the on- and offshore parts of the Panagopoula slope behave as a single system. Sliding
within the debris deposits of the land slope is transferred to the debris and turbidite deposits of the submarine
part, Inversely, sliding phenomena at the offshore part accelerate sliding at the upper part of the slope.

AEEZEIL KAEIAIA: KopivBiomodg Kéhog, onEiyeves moaves, epmuopds, xopnpata, tovpfidinizég amobéoels,
aotdbela mpavoig
KEY WORDS: Gulf of Corinth, faulted slope, creeping, debris, turbidites, slope failure

1. IETOPIKO

H meoioyi me Maveyomovhag evplonetar otig voTes oxtéc Tov Avtizon KopvBuarod Kéhrov, petaEu tov
ywouhy Waldmugyog dunxd xar Aapmion avatohxd (Ew. 1). Zmy mepon] auvmj, 0To EQ0UI0 TOAVES TTOU
VPHVETAL QVAVTL TS GRTOYQUPIS, ExOUV ®at emavahmpn onpewwBel éviova xatohothund gouvopeva, pe
ATOTELEOHE TV TOGXANON oNpovTGyY Rateotgogav omy Néa xat mv Tahad Efvixg 086 Kopiviou - Tla-
TOGV %o ot o1dNodopL] Yoo, Tov SEpyoVTHL aItd TO GNUED AUTE, Mo TV dLoxom TS XUKAOGOQIUL.

* SLOPE FAILURE PHENOMENA ALONG SUBMARINE ACTIVE FAULTED SLOPES: PANAGOPOULA AREA, W. GULF OF

CORINTH
1. Ebvizd Kévrpo Gahdooay Epevvav, Ayiog Koopdg 16604 EXnvixd, Abva. E-mail: sakell@fl.nemr.gr
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e AlevHETON TV EMGAVELRGV VEQWV OTO ¥(DQO TOU OLXIOUON, HE TNV HOTOORELY] EevOEdUIEVNS aihamrag
OTO EOWTEQIXG TI(LEL ROV TOY SOOHMY TS OLALOTIXIS TEQLOYIS, YLEL TV TUQOYETEVOT| TOUS EXTOS OVALOTUATIS
TEOLOYTC OTOVS uOLxolg GEoveg amopong (eéuatca). ‘Okeg oL aihunres TOETEL mepodird vo xabapiCovia
zon v eEqopuiiletal n ouveyrs xo 0nom| AEToveyio TOVS.

o  SuyXEVIOMON-UDQOUAOTEVON TOV VEQWY GAOV TOV TNYGV ROL EXQOWY TTOU avaphiCovy xow v RaTdhinin
(OTEYUVI]) TAQOYETEVON TOUS OTOVE (PuaIOUS GEOVES (T0pQOTS (p€para).

o Kataorewm] otoayytomoimy, Yo TV TV ToU EToYLroy 1OEOEPGEOY OETOVTE %L TNV THOOYETEVON
SRV TWV VEQWY OTOUS uotxovs GEoveg amoppotic. Avtd Ba roraorevdCovron pe fabeld Oepehimon oto
ECMTEOIXG TOV THNPAT®Y TOU 001201 SIATHOU TOV EYOVV ENNOECOTEL (TG TIS npdopates aatoyies. Kardhin-
in oteyavij exévdvon (my. and yeouepfodvn) Ba tomobeteital ot PAom TOVS kL OTO ZUTAVTL T ™S
diTopic TOVE, 08 TUVDVUORG PE TV %ATHOREVT EXEVOEdUNEVNS aiharag emipaveLand. To £070 vt elval
OUOLATTIRIS OMUUOTAS Y1 TOV KEVIOG SOGIO TOU XWELOY GOV UTAQYOUY OLXIES, OL omoleg, £’ 600V O
aotoyieg e£ehyBovy, Oa VTOOTOTY %Al CUTES TIS CUVERELES TOUC.

o EyuiPunionds mg roime tov xevipuol péparog mg “Botong” e mpootacia tov TOAVAV AUTOU [E TNV
TOTOBETNON EVROPTTIOY RATAOKEVHOV (). ovonaToxPutiny) ot huaxom] duitatn, o8 CUVBUUONO HE TV
AUTACHEVT] JUHODY SUOOTEYVIADY QOUYIATOV EY®A0OLL ™G *olmg avTtov. "Etol bu amoevyeTaL 1 dudafow-
0N TOV TQOVHY %L #AT ETEXTAON 1] EXOMAWON TOV COTOFUDY.

o Kataoxew, péoa omy diarapaypévn Luv e toltg BEoeig aotoyiev, Tapoov amooTodyyong pe duafab-
UOPEVO VARG aw pe T poogt “ypagoxdraiov”. H tdgoog avni ba QmAyEL OAOL TG VEQG TTROG TCL RATAVTL
OTOUC PuOLKols GEOVES 0moppoTC (REpaTa).

o Tomuéc avIloMOIEELS TOAVEY dEGHMVY OTe oot €Y0uV ExONAWOEL HOTOYIES, HE EVAUUITES KATUOREVES
(.. ovoporowPonie) ot vhparon] dudratn vow e Paberd Oepeiinon.

o TTuzvij devdpogitevon (ne Padipoila %ot yOIyoRu avamtvoodueva dEvdoa) Tov Sratapaypevov Lovoy
TOU TTEAVOUE, YICL THY TEOOTAO( oG PEAROVTIRES waToMotTrES KIVI|OEIS.
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DAINOMENA OAIZOHZEQN XZE YIIOOAAAXXIA ENEPI'A PHEITENH ITPANH:
INEPIOXH ITANAT'OIIOYAAZ, A. KOPIN®OIAKOX KOAIIOX®

A. EAKEAAAPIOYI, B. AYKOYEHE‘. I. POYEAKHE' & IL TEQPTIOY'

IZYNOWH

[emreyvind dedopéva and 1o geooaio touves me teptoyns mg Mavayomothag wal yewhoyrd — YEmpuot-
7 dedopéva amd to vofuhdoolo Teaves £d1Eav 611 To £V AOYw TRavES Aettovpyel eviaia. Ao Ta vrobaldo-
ol OTOLYEIC TEOXVTTEL 011 OL ®UPLES EMLpdveLleg orioBnong evronilovrol oy emagy HETUED TwV CAmAOY
aoPeoTOMBWY %o TOV TAEVOIRGV ROONUATWV OPEVOS Rl HETUED TWV TAEVOIKWVY Ropnudtwy ®at Twv Bohdo-
oy TovpPidimxdv arobécewy ageTépov. 1o yepoaio moaveg oL ohothjoeig eviomiCovral péoa ote hevpird
rooniuara. Ou VijoELS OTO YEQOM0 TEavE emPapivovy my evotdbeia Tov vToBurldooion TEUVOUS EVe) (VTi-
otpoga mbavés ohothjoeis oto vToBahdooLo TEUVES TEORAAOUY UITAELE OTHOLENS OTO YEQOUIO TOUVES.

SUMMARY

The Panagopoula slope area belongs to the southern faulted margin of the western Gulf of Corinth and is
located above the trace of the southern marginal fault. Mesozoic limestones of Pindos unit represent the base-
ment of the area and are covered by debris and talus cones. Detailed mapping and monitoring on the land slope,
carried out by various institutions showed active creeping within the debris at the lower part of the slope.

Systematic bathymetric and geophysical survey of the submarine part of the slope by using a Boomer seismic
source fired at 175J and signal’s frequency between 0,7-3kHz revealed the presence of three lithoseismic units.
The lower one constitutes the acoustic basement of the area and corresponds to the alpine limestones. The
second unit outcrops at the shallow upper part of the submarine slope. It is characterized by chaotic reflections
and represents the continuation of the debris deposits offshore. The upper unit is stratified, with continuous
internal reflectors wich alternate with transparent horizons. It is interpreted as a tourbidite sequence deposited
during Quaternary on the sea-bed of the Gulf of Corinth.

Deformation of the internal reflectors of the turbidite sequence at the base of the submarine slope, as well as
the internal structure of the debris deposits, indicate active downslope submarine sliding. We interpret the
limestones — debris contact and the debris — turbidites contact as the main surfaces of sliding. The deformation
of the internal reflectors results from the down-going movement along the aforementioned contacts.

We suggest that both the on- and offshore parts of the Panagopoula slope behave as a single system. Sliding
within the debris deposits of the land slope is transferred to the debris and turbidite deposits of the submarine
part. Inversely, sliding phenomena at the offshore part accelerate sliding at the upper part of the slope.

AEEEIL KAEIAIA: KopwBuaxds Kéhmog, onElyevés moaveg, EQmuopds, roprjuata, Tovpfdimxrés amobéoeig,
aotdbera mpavoig
KEY WORDS: Gulf of Corinth, faulted slope, creeping, debris, turbidites, slope failure

1. IETOPIKO

H neproyi me Havayomovhag evploxetan otig voties axtég Tov Avtizot Kopwbiarot Kéhov, petati twv
yowoudy Wabdrupyog dvnxd xor Aaprion avarolxd (Ew. 1). Zmv meploy] auni, 0To }EQOM0 TEAVES TOV
VPAOVETAL GVAVTL TS ORTOYOUpS, Exouy ®at emavdahmpn onpewwbel évrova rarohothuxd @avopeva, pe
amoTELEIO TNV TEOKANOY onuavTrGY xataotpoqav omy Néa waw v Hakad Efviaj 0066 Kopiviou - Ta-
TOWV %o 0T oLdEodoout yoapw, Tou Stépyovral amd 1o onuelo auTd, kot v durom| g rurhogpopiug.

* SLOPE FAILURE PHENOMENA ALONG SUBMARINE ACTIVE FAULTED SLOPES: PANAGOPOULA AREA, W. GULF OF

CORINTH
1. Efvind Kévrpo Ouidoowy Epevvav, Ayiog Koopdg 16604 Elnvixd, Athjva. E-mail: sakell@fl.nemr.gr
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Z10 yepoaio wpaves mg Mavayomotiag evploxetar 1on oe eEéMEn Aemtopepnc yewteyving €pevva Twv
ovvinxey evotdbelag xaw TeEazoAoiiNoN TOV VIEdAPIRWY UEQORVIOEWY Gnd IOIWTIHOVE (POPEIC. Sxomdg
™S Tagovoag ray n dtegetvnon g yewhoyrais dopis xot Twv ouvinxdy evotddeias Tov vmobakdooton Toa-
VOUS TS TTEQLOYNS %Al 1) OUOKETION TOUS HE TC (VTIOTOLY(( OTOL(EI OV EXOUV TIQORTIPEL (TG TNV YEMTEYVLRI
EQEVV(L TOV YEQOAIOV TRAVOUC.

2. EIZATQI'H

H gvpvtepn meguoyr Tov KopvOiaxot Kéimou nal iduaitepa 1o dutind tunijpa tov cupmeoihapfdveta ong
mhEoV EVEQYES TEQLOYES TOV ERAadinot ywipou pe fdam tig veotertovinég Siepyaoies mov hauPavovy xdoa xal
™MV oeLojuoTyTa ou tapamoeitar. Ieévie oewopol peyébovg M>6 éyovv Adfet yodpa natd ta tehevtaio 30
XOOVLL, EVE) onpavTiRds apLBpdg #ataoTRogLtdy CElopWV teYEBoug M >T avaqeoval #atd ™y LoTopLA mE-
ofodo (Mamaldyog & Mamaldyov 1989, Ambraseys & Jackson 1990).

Axp. Mépvog

-L@’ ASQMYPIOT
~SJd LIRS

G2

s
s
H

!

Fig 1: Map of the main faults and geological formations of the western part of the Gulf Corinth (Armijo et al
1996, Papanikolaou et al 1997, Tooplias & Loftus 1971). (1): Alluvial deposits. (2): Upper Cretaceous lime-
stone. (3): Plio-Pleistocene sediments
Eux.1: Xdons tov Avt. KogivBiaxod Kolmov pe a xvgidtepa oifypara xat Tovs yewloyixovs oynuatiouovc
(Armijo et al 1996, Ilaxavixolaov x.a. 1997, Todgiias & Loftus 1971). (1): ITpdogares mpooyouarixés
amobéocis. (2): aofeordiifor Av. Konridixov. (3): Meto-I)etotoraivind 1Gijuatra

H tagoog tov KopwvBuaxot #dhmov amotehel pio aoippeton petakmun hexdvn, 1) £6MEN ™me omoiag ad
10 Av. Mewrawo — TMAedravo péyor ojpeon eAEYXETOL #atd #UpLo Adyo and FEQOaIES o vrobahGooieg
onEvyeveig Loveg ov eviomiCovral ®uoiwg oto voTLo meptddplo e Tdgppov (Brooks & Ferentinos 1984, Armijo
et al 1996, TMamavikohdov #.a. 1997). Amotéheopa g Spdong Twv ENELYEVAY cutdv Covav eivat 1) oqpavii
avinpmon Twv axtwv g Bopewag IMekomovijoov, 1) fibuon tov vmofahdooion tijiatog e Tagpon 7al 1 ema-
#GhovBn dnpoveyia andropmy TOUVHV %atd Wirog ™me votag mhevpds Tou Kéirou.

O Brooks & Ferentinos (1984) vrokhéytoay oyetin] diagopiut] #atandouen toayimra petali e avo-
Youvpeviig opewiic tepLoyris mgs B. [ehomovvijoou xar mg Pubildpevng exdwng tov Kopvboxoti Kéhrou g
TAENS TV 5 mm/EEGvo Y TV xeovix meptddo tov Tetaptoyevoric, eve ow Keraudren & Sorel (1987) petd and
hemropeon pedém tov Boddoouwny avaBabuidmy mg tepoyic petati Kopivou - Sukoraotpoy vrohdyiomy
REOM TayitTe. aviywong ratd ta tekevtaio 500.000 yodvia mg tdEng tov 1,5 mm/yodvo. O Tselentis &
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Makropoulos (1986) egaopudtovias osioporoyizés peBédove mapanionoav tayimra fibone me fopetag mg
m00¢ ™V Vot axtij Tou Kéhmov mg té@Eng tov 1 mm/godvo. Mévo zatd Tov oglops tou Avyioy (15/6/1995,
Ms:6,3) maoatnofnxe amopdzouvon 6 cm petaEy g fOpeLag won me voTag axmig Tov Kéhrov oty reouoy
Atyiov - Eparewviic at fifon g Bopelag axnic wg moog Ty vt #atd 10 em repimov (Bernard et al., in
press).

O Lykousis et al (1998), ovoyetiCoviag Tig Buhdooies avafubpidec mg Bogeiag [Mehomovioou pe yoovira
avrioTolyes mpodehtaixés amobéoeis mg fooeiag vyparoxonridag Tov Kopvbaxot Kékrou, vrohGyLoay Gt
péom oyETi TopuTTe: cvipmons Tov axtdy me B. Mekomovvijoov wg meog avtég e Zrepeds Elhadag eiva
2.8 u€Tpa/1000 yodvie. Téhog ou Billiris et al. (1991) vrohéyioay pe yewdanreg pebddovg my tayimre amopd-
rouvomg petali mg Pooeiag xat mg votag axmis tov Kéirou oe 1 em/yodvo.

H meooypi e Moavayonoihag amotekel Tl TV TOAVOUE OV AVUTTTIOOETOL ZUTd ijrog S0 TaQdhin-
Aov eveoydv onEryevov dopdy (Ewx. 1): Tov grjypatog tov Wabdmuoyou om fdom tov yeoaiov njpatog tov
Tpavovg xa mg vroBahdooiag vétiag pnEtyevois Ldvng Tov #GAmov Tov eviomtetat ot féom Tov vrobahdo-
awov mpavotic (Taravizohdov =.d. 1997).

Karohobnusd gawvdpeva, yeooain fj vrobuhdoow, teoumootvia ougvd omy evptteon megioyy (Heezen
et al. 1966, Ferentinos et al. 1988, Lykousis et al. 1997), pe mpdogaro mapdderypa, ext6g mg Havayoroviag,
v vrobahdoow xatohioBnon prpootd axd 1o déhta tov Zakpevirou To 1963 (Fakavomovhog ®.d. 1966) o
T1c napdrnes ohothjoerg om mepwoyy Tou Avyiov (Papatheodorou & Ferentinos 1997). Ou Ferentinos et al.
(1988) meoiéypaypay hemtopeuic 1o dudgopa gawvdpeve vrobuhdoowy ohobhjoewy zatd pirog Tov voTou
noavorg tou Kopwvfuaxot Kéhrov ato tjpe atd 1o Adyto péyor 1o Kéhro tov Agyaov. Ta gauvopeva avta
TOOKUAOUVTOL (T SIAPOOOVE THOAYOVTES, HETEED TWY OTOIMY CLYXATAAEYOVTOL 1] EVIoV OEloxY] dpaoTn)-
OLETTA TS TEQLOYIS #atL 1 vymA TaggimTa ilypatoyéveons Tov Teodeitaindy arobéoewy, xa evbivovran yie
TUC OUYVES RUTAOTOOPES TV VIOUAAOOIDV Hohwdiwy.

S loofabrig T loomoyEelg ToupPibimkiy amoBtoewy
""" = Topég Boomer AbL Epmuopog / Tapapdpeuon ignpatuy
*  Epeuv. Newrplioerg Koptipara { eppdvion otov TuBpéva )

Eux. 2a: Xdomne ociopixav toudv BOOMER oty Oaidooia meproyij s Havayomovlag. H 0o Tov ydoty
magovorderar oty Eue. 1.
Eix. 2p: YroBaldoorog yewAoyixos ydptns s mepioyifs Havayomovlas.
Fig 2a: Boomer track line map of the Panagopoula area. The location of the area is shown in Fig. 1
Fig. 2b: Submarine geological map of Panagopoula area
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Eux. 3: Tomoypaguaj-yewioyua] Tourj Tov yepoaiov mpavovs (Ofon s touijs oy Ewx. 1), HEO: Halaid
EOvizrj Odos. NEO: Néa Efvixij Qdds. A31-435: yewrpijoeis. AB: Admixd vadfafpo. K: Koprjuara
Fig. 3: Topographic and geological profile of the land slope. Location of the profile in Fig. 1. IIEQ: Old National
Road. NEO: New National Road. A31-A35: boreholes. AB: Alpine Basement. K: Debris

3. MEGOAOAOT'IA

Z10 epouio Tjpa Tov meavors me Mavayoroviag tpaypatomounjtnxroy ard 1dwtixovs popeic e0svvnTL-
REC YEMTENOELS %UTd fROG TECOGOWY datopv zatd #Alon Tou moavous (A0, Al, A2, A3), ouig onoleg Tomobe-
Tfnray arorholopeToa o Ty muparokotiinon twv Avijoewy Tov eddgoue (Ew. 2A).

Zro vrobohdoolo Tipa Tov mpavols moaypatoronjtnxe hentopeorc fubopétonon xatd pikog agdih-
Ay HETAED TOUg TOPELWY avd 40 1. %ol RGBETOV TOOS TNV AHTOYOUUMT, HE TROTG TNV UTOTUIMON TIS HOOPOAO-
yiag Tov vrobakdooiov mpavovs. o my yemhoyin - yemguow diepeivnon Tou vrobahdooion Tpovovc xon-
opononjnxe Topoyedgog vrodous mubuéva witov Boomer. H yemguow diepeivnon €yive #atd pixog m-
#vol dutiov, o omoio meotehdufave Topgg vaBeteg mEog ™Y axtoypap| ®al o8 andotaon 100 m petatu
Toug, ®abeg emiong Topgs magdhhinhes mpog v axtoyoapw. [oaypatoronidnxay exione T€00e0ELS TOPES
omv meogxtaa tov dtatopudy A0, Al, A2 rat A3, xatd wixog Tov omoiwv €xouv ToroBemBEr 01 E0EVVITTIRES
YEWTONOELS 0T0 YeQoaio Tunpa Tov Toavovs. Katd nig epyaoieg mediov pe tov topoypdgo Boomer yonowomor-
10nre £0p0C OUYVOTHTWY TOU TUQYGIEVOL yMTiol aijuatoc petald 1 - 3 kHz »at 0,7-3 kHz.

H Pubopgronon xaw n yewguown diegetivnon meptéhafe 0AGxAnoo 1o vobaldoolo Toaveg and vy o-
®royoapuur pExerm fdon tov ot fabog 250 p. mepimov. Nice ty eEaywyr] TOV CUUTEQUONGTMY TOV TUEOVOLALO-
VIO OTN OUVEXELL XENOHOmonBnroy xol OTOEl 4l TS EQEUVITIXES YEWTONOELS OTO ¥E£QOMIO TIjIC TOU
VoS,

4. XEPZAIO IIPANEXL

Zm repwoyn mg HMavayorotvhag epgaviCoviar mhanmdels mehayol aopeotdibol tov Av. Konuidixov pe
EVOTOAOELS ®EQATOAMBY, Wappurov wow apythzay oyiotorilnv, o orolol walirtovral aovpgove axd TTheo-
TTheL0TORUVIRES PAQYES HatL QYIROVG e THOEPPORES NIOUVERTIRGY 1] Yahatpiy rporohomaydv (Tadphuag &
Loftus 1971). Zm pdon Tov mpavolc aventiooetal otevij madxtic Covi ToooOpaTrGy aroléoemy, 1o mhd-
T0¢ TWV omoiwv avEdvetol oug exPorés Tov pepdrav (Ewx. 1).

ZUPQOVEL PE T ATOTEAEOPATA TWV EQEVVNTLLIV YEWTONOEMV, TO UATLXG VIGRuHEO rulinTeTan o Thevot-
#a rogijpata (Ewe. 3), 1o mdyos tov omoiwv dev eivar otabepd ot avEdvetal amd 2-10p. otd avdreoa Tjpcra
Tou mpavorg (V. 70-100p.) ot 30-40p 0T0 ®OTWTEQO TN TOV TEAVONS T To Yypog Tng Néag Efvinrc Odou
KopivBouv - [Tatowv (. 20-251.) pexoL TV axtoyoaum.

Hagdhinka pe fdom Tg LeTENoeLs TV amox MOIOUETOWY, TO AVHTEQO TIILL TOV TOUVOUS EYEL OVOLUOTIXG
otablegomombel wg ATOTELEONE TWY ATOCTOAYYLOTLAMY ONOGYYWV OV *KUTUOXEVACH ey, AviifeTa Tapo-
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orjnray petatonioels e TaEne twy 10-15 mm 08 Te XUTAVTL OTO LUUNAGTEQO T TOV TRUVONS, OL OTOIES
gvromicovral péoa ot mhevoird roprpata (Ew. 3).

5. YIIOOAAAXZIO ITPANEXZ
Toués Air Gun

H yewhoyxi) dopr zau 1 poogoroyic tov vrobahdooiov npavoig omy neploy e [avayomoiiag eAéyyo-
Vo amd m vota vroBaldaooia onEryevii Lovn, n omolo evBivETOL Yic TV dnptoveyia Twv peydhov Hopqoho-
Yoy ®hloewy, o Tomxd vreppaivouy to 50% (Ewx. 4A).

To aviTteQo TINIG TOU VIOOTOWRATOS TOU VOTIOU Ttpavols oty Ewx. 3A ralinretor and Tovpfdimxes
anobfoelg, To miyog Twv onolwy auEdvetal pog ™ Pdon Tov moavolc xan gbdver ta 100-150 péroa mpog to
#AEVTOO TS hexdvng. O tovpfditixés amobéoeig Topovotdlovy oagn] OCTOORATOON TOV AVTLTOOTMTEVETUL OTLE
OELOMIRES TOPES U0 TIG EVUAAAYES EVIOVIV ol AODEVECTEQWY QVIXACOTIOMY.

e Eix.4B Eik.Al

0 msec

(T8

375

Eux. 4: (A): Zewouuaf rourf Air Gun 10in’ xar egunveia s rourjs (Ocon ¢ tourjs oty Eux. 1)
(B) - (I'): Tourj BOOMER xa1 egunveia s tourjc. Ta fédn deiyvovy doués odiobyons (Ofon tns Tourjs
oty Eix. 1f). AB: almixd vadpabpo. K: xoprjuara
Fig. 4: (A) Air Gun 10 in’ seismic profile and interpretation. Location of the profile in Fig. 1.
(B) - (T'): Boomer profile and interpretation. Arrows indicate sliding structures. Location of the profile in
Fig. 2a. AB: Alpine Basement. K: debris deposits.

Kdtw o6 tig tovpfidinizéc amobEoeis, 0to aviTeQo T TOV VOTIOU TOUVONS, TUOUTNOEITOL Lo OELOILRT]
evoTTo. e yeomx] eowtepurr dopj. XaparmoiCetat ¥uplng amd mv inapkn avaxkdoswy vrepfolniig pop-
@iig ®ow omopadirols novo, ouveyeic avarhaonipeg Eviova mapapopgmpévous. H evémra auni avitpoon-
TEVEL ®UTA %010 AGY0 ®oppaTe Tov ouvioTavToL atd didgopa Aemtopepr] mg adpopepr] vhind (thi, dupo,
ROOROAOYAMKES Da@Sowy peyeDwv) pe TOAM yapnhi] ROXXOPETOLRY TUEWVOUNON ®aL WG £X TOTTOL wplg oapt
eowmtept] dopr %ol arpmpatoromon. H éviovn mapapdppmon mou Tapovotdletal 0To E0WTEQIRG TG EVOTH-
TG TWV OV ropnpudtwy ogeihetan o orhemdilnhes raToMobNTIRES WIVIOELS 1] PUIVOPEVH EQTUONOT.

To vdPuboo TV ®oPNIATWY ATOTELEL CUYXEGVIE %l TO arovoTd voPabpo g CeloKg TOS g
Eux. 4o now aviorogel oto ahmud vaofabpo mg neployic, 1o omolo awoteheltar ®atd ®iplo hGyo amd aofe-
otohifoug ot SeVTEQEVOVTOEC (s ®epatdhiboue ®at padokaoites g evémrag [Mivdov. Ze dhha onueia mg
MEQLOYNS T ROPTPaTa atovotdlovy ®al oL Tovpfiditirés anobéoeig Epyovial oe emagr ax’ evbelag pe 1o
acfeotohbBns vdfabpeo ratd pixog mg wiplag pnEryevoig Ldvng.

Xapaxmotouxéc eivar oty Ew. 4A o1 dopéc Tapouépgoong Twv oTompdroyv Tov Tovpfditdy xout Twv
xopnudrwy. Ot Sopég auTée, RVEIWG RAMPELS - UVOLYTES TTUYWDOELS ®aL RS ®A{parag enupdveleg ohioBnomg,
ogelhovrat oty ohMonon Twv ICNpdTwy Pe Y Rop@1} kuToMoBNTIRMY QUIVOLEVOV 1] EOTUOHOU ®atd #hlon Tou
moovorg. Ot RatohoBTIHES - EQMUOTIRES QUTES XIVIOELS EVTOTILOVIOL HUTd #UPLO0 AOYO OTNV EMUPAVELD ETU-
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g Tov aoBeotohOion vofdbpou e Tig POEg RopNudT®Y /%ol Tig ToupPditinés anobéoelg rutd meplnTmon
O OTNV ETQEY TV QOWV ROpNUdTwv te Tig Tovofidunés amobéoels. Asvtepetiovoes emgdvetes ohioBnong
UTOEOTY Vet SLarElBoUY %uL OTO ECWTEQLRO TWV QOWV ROPNUATWY 1] TV ToVEPdTRMY arobéoemy.

Topoypagics BOOMER

ARG TV av@Avon TV TOPHOYRUpLOY Tov ®atwypdgnxav pe to ovompe BOOMER, togic Moosiopuxes
EVOTNTES Popovv va drarptBotv xdtw ard Tov mubpéva tov vrobuidooiov tpavots me Mavayomotviag, o
OmoiEg TAVTICOVTUL HE QUTES TOU avagEQON®ay ©aTd ™V TUEoVaLdoT TWV CELOULXMY Topdy Air Gun. H peyahi-
TEQT) SLUHOLTIXY LRAVOTNTA TV VAOCTOWUETMV Tov mubpéva, mov mapéyetal and o olvomua BOOMER, pag
OIVEL TV dUVATOTNTU VO RATUVOTJOOVIE [LE AETTOPEQELL TNV ECWTEQLXY] dOpY] TV dLapipmy EVOTITMYV,

- Aviteon Atbooeiauixi Evoryra - Tovofiotixés amobéoeig

O1 oeropirol avaxrhaoTiOES OTO EOWTEPLAG TS aviTeENS MBOOELOWKS EVETTUS TapovoldlovTal YeVird
TadAAnAoL, EVIOVOL ROl OTA GVOITEQX OTOWUOTH OYETIXG OUVEYE(S TOdNAGVOVTag Tapdpoles ouviixes tinpa-
TamoBeoNS OTO TEAVEG 08 PEYAAO yoovird dudompa (TovAdyiotov xotd v dudpxela tov Megou-Avategou
Tetaptoyevoic).

O anoBéoels avteég TEEmer v efvan TovpPdttrot gapuxtioa (ruping appuddng thic), 6rmg ouvayetat and
™V £VIOVOTTA ROl Tapahinhio Twv oelopHooTompaToYpa@irev avarkaonijony (Ew. 4B xa 4T). Oa mpénel
va onpelwBOel 6Tl TopamEETTaL pie TEQLOOWXY EVaAhayt] TG EVIOVOTNTUS %l TEQAAANAICS TWV CELOIKMY ava-
#haomjowv e o fabog. Evrovol xat mapdhinior avarhaonipeg ndyovg 5-20m evalhdooovial pe eEacBevnué-
VOUG DLXOTTOPEVOUS UVURAUOTIOES TEQIIOV TOU {BLOV AR OUC VTODEXVIOVTAC TIC TEQLOdLKE EVRAMUOOOUEVEC
ouvbhixeg TovpPrdimnric Wnuatoyéveons and mhéov yovdporoxroug ToupPidites (appddels, appoyahindders)
og OyeTIHd LeTOROKROVS (appddng thig - thuddng doyihog).

O evahhoyeg TG HOMHOPETOIUS TWV TUEUIdve anoBEoemy ot TEQLOYY AUTES Eival ATOTELEONN TWV EV-
otaTxdv #vnoemv g otddung tov KopwvBroxot Kéhmov natd my nepiodo tov Méoov-Avatepov Tetagtoye-
voug (yupnho enimedo “yovdpoxornol” TovpPditeg - vnhd eminedo “Lemwrdronxor” rovpPidite), Twv meQLd-
dwv evalhoodpuevng vmhic ®al xaunhis TPooPoaGs VAMXOT ot TV %£000 ®at Eviovng 1j aobevolc oetapmmrc
- 1exTovVInts dpaomotdtTac.

To ndyog Twv TovpPrdimxmy amobéoewy eival xES 010 AvdTEQO Tl TOV TEaVOUS %ol cuEdvVETaL OTu-
domd mpog ta ratdvTl. X fdon Tov mpavoic to wdxos Twv tovpfditdy vrepPaiver ta 70-80 péroa rat avEd-
VETOL TOOG TO REVTEO TS Aendvng. 1o yepoaio Tjpa g TepLoyTic OEV PaiveTa Vo LITAQ)KEL YEWAOYIRAS OYN-
poTopdg avtiotoryog Twv Toupfditikdv anobécewy. O VEDTEQOS TYNIUTLONGE OV TOOUTNOETHL OTO YEQOUIO
TRe TOV TEAVOUGS EMVOL Ta TAEVQIHG KOPMPAT, TC OMO{K GTTwg CVaAUETUL 0TV CUVEKELR EIVAL OYNUATIONGS
avriotowog ™ evddpeons MBooeloxig evottac.

* Evoidueon Afooeioixij Evornyra - Poéc Kopnudrav

H evdidpeon hBooetopxr evémta eviomietal #Upime 0To aVHTEQO TIILE TOU TEOUVOTC Rl UTGHELTUL TMV
TovpPormnv anobéoewv. Zrov mubuéva epgpaviCetar omy mepLoyxy and myv axtoyoauui wéxol tov Bdabdouc
twv 50 - 70 pérpwv ward BEoewg (Ew. 2B).

To YuEUATNOLOTIRG YVOPLOUM TWV CELCIIXMY OVOXALOTIOOV TS EVOLGUEONS EVOTITOS Elvat 1) HEYAAN Ta-
papdpgmor toug 16oo ot fdbog 600 1ot ®ovd oty empdvela Tov Pubod. H maparinhic ot 1 ouvexewa Tov
avaHAOOTHEMY UOVO TOTIRA Kot TEQLOTAOLOHA TOQATQETAL, EVE) KUQLAQYOTUV OL SOPES [LE JUOTIRG YOQUKTION
ECWTEQIXMV avarAdoEwY ®at ie hogoerdi v vrepfohint] eEwtepint] SLapdopwon Twv Celoxdy axohovBiov.

Or dopég autég elvor amoTELEopa OVVOLXOTIMV OUVOETOV ETELTOSLUHWY HIVITOEWY paldv nudrmy, drwg
®atoloboEwY, ROTUTTHOEWY, POWY LOPNUATOV, TOVEROITHY XL TECOPATWV EVIOVMY YEWTEXTOVIXDV AU~
pop@woemv g Aexdvng. O vymhot Bubuol avapoyhevoeig twv itnudrov tov uBot xaL Tav vTooTowUdT!Y
TOU OTNV TEQPLOYT| cvTi] dEV EMTOETOUY Oopr] DLA%OLON TWV GUVIENPATOYEVHY ONYUATOV ®oll ETPUVELDHV OAioHT-
one.

Me Pdom tov oelouxo yapaxmjoa TG, 1 eviudpeon evomta avinpoowretel mbavitate pofc ropnudtmy
#ow amoféoelg nhmiwv (apytho-thuddels amoBéoels, dupor, ®poxrdhes now ydhxeg dagdomy peyeBiv) yowoig
gagn] OTPWRATWOT ®ow koXHopeTEY dwafdBuion. [Mpogpyoviat axd My andébeon nal ohioBnon xatd wilon
TOV EOVOUE TWY UBPOUEQWY ®UPiwg VAHV roodBpwams kot SLABEWONS TOV OYNIATIONGY ToL EpgaviCovial
ot y€poo. Ou pogg nopnudrtwv mov epgaviCovrar oto vrobBahdoowo mpavés e IMavayomovhag arotehovv
OYNUOTLORG avT{OTOLKO TWV TAEVEULHV YUACOWMY ROPNUATOV TOV ROAITTOUY TO Y000 THIT TOV TEAVOTS TG
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[Mavayomovhag.

© Karareon AiGooeiouxj Evoryra - Aofeotdhibor, repardiifor, padiodapites

H notoitepn MBOOELOWXT] EVOTNTO GTOTELEL TO GELOUIXG - 4rOVOTIZ0 VITOPabpo Twv topoypaguiv BOOMER
OV RUTOYQAGNACY OTNV TEQLOYT] HEAETNS #oL TV OELOWRWY TopwY Air Gun 100 TAQOVCLACTNAAY O TAVE)
(Ew. 4B »ow 4T). Zmy opogn] T evATNTOS cumiic OTapatd 1 SLE(odUoN TV NYNTIROY RUPGTMY 0TO VTGOTOMmL
Tov mubpgva.

Kot avuotouyio pe my yewhoyrxt] dopn tov yepoaion Tuipatog mg evpiteons neowoyis me Havayomou-
Lag To arovoTird VIOPadpo TWY CELOUHWY TOUWMY KoL TOROYOAPUDY AVTITTQOCMITEVEL TO ahmixd vropabpo g
reoLoyric, ovviotatal dniadi andé aofeorokiBous, xepatohifioug rew padiohapiteg g ahmitc Evimrag ITiv-
dov.

6. LYN@OHKEL EYETAGEIAL TOY YIHHOGAAAXIIOY IIPANOYE

H poogohoyic rov vroBakdooiov mpavols amote el OVOLHOTIRG CUVEYELR TS HOOEOAOYIOS TOV YEQOMlOY
apavoig g [Mavayoroiias. O wofabeis Tov vroBakdooiov mpavois dievBivovral yevind mapdhnha rpog
mv axroyoau. Idwaitepa vymhéc elvar oL poppohoyireés ¥AIOELS OTO aviTeQo T Tov mpavolg, dnhad
amd TV axtoyeapun néxel v wopabi twv 150 pérpmv, oto omoio xupaivovrar petasl 50-65%. Ol upés avtég
elvar hiaitepa VmhEs Yo vToBahGooio TEAVES ®at emdEOUY onpavTind oty £voTdBEL TWV Yohapwv 1Enud-
twv. H #hion 1ov vroBahdooion tpavois HELhVETaL OTadLerd oS Ta ®atdvl. MetaEl v woPabuy v 150
nou 200 pétowvy N xhion xopaiveran petadi 20-35% %o petaEil tov wopabuv twv 200 zow 250 pétpwv petaki 4-
10%.

ARG Ty avahvon xot eneEepyaoio Tov Topoyoa@Liv mou ratayopdgnray pe 1o ovompe BOOMER ®otd
TIg EQYAOiES TESIOV TOV TUEGVIOS EQEVVITIXOU £QYOV TQOXUTTOUV [E OUpriveELd dOPES TapaUdOpWanS, Tov
opeihovral eite 08 Qouvopeva xotohiotnong elte o8 paivopeva epmuopot oto vroBuldooto mpaveg g Iava-
yomovhag. Ot dopég autég mapovoidfovial 08 GhEG OVOLUOTIXG TIS TOPROYQAPIES TTOV KATAYQGPNHAY.

Me Bdom ta vrdpyovia otokeia yie tv dopj Tov vrobuddooiov mpavoig g IMavayomoilag 1) opogr Tou
arovotixol vropaboov, dnhadr Twv aoBeotohiBuv ag evig vaL 1 0O TWV POWV Ropnpdtmy (Pdom Twy Tovp-
Biditinav amobéoemv) ag'etégov arotehovv mBavoTaTa TIg ®UQLES EMGPAVELES, RUTA [JHOG TWV OMOlWV hajl-
pavouy ywopa xvijoelg ohioBnong 1j epmuopod.

AguTEQEVOVOES ETUPAVELES OMOBNONS TOEATEOUVTNL OTO ECMTEQLRE TWV DOV ROPNUATMV UL TWV TOVEPL-
Sty amoBéaemy, ogelhovral Gpog otV E0WTERLHY] TOEARGEE®WON TG PAlag TV Itnudtwy Adyw g #ivy-
ong ®ard pjxog v tpoavagpepBEvimy kipuwv enupaveudv. ITolhég and Tig devtepetiovoes em@aveLes ohiotn-
onc/epmuonot emneeedlovy Tov muBpéva Tov Tpavols. AMES EVIOTICOVTOL OTA HOTWTEQN OTOWHIATO HOL EYOUV
“ohvgbel and vewtepa 1Dhjpato.

H aotdbeia xau 1 emaxdrovtn ouvepic xal oradiaxj ohioBnon moog v kexdvn twv ilnpdrov mov evi-
OROVIOL OTO OVOTEQO Tjpa Tov vroBahdoolov mpavols mpoxahel qupmieon Twv ICnudtwy mov evplorovial
mpog v Pdon tov mpavols. ATotéheopa TG oupmieons oumig elval 1) dnuLovEYia RAWPEWY KAl TTUYHOOEDY
TOV OTPWRATWY OV EVpioHovTaL ®uping oty fdom Tov mpavolc.

TMapdpoteg dopés mapamEotvial 08 diAQopa ENITEdX TG CELOWHKOOTOMUUTOYOAPIXTS Rohuvag Twv 1in-
pdrov, dnhadi 1éoo ota emgavelard (oUyypova) oTpdpate 6oo ®al oTa 1ordrepa (nakawdtepa). To yeyovig
auTé VITOdNAGOVEL GTL TOL POUVOpEVE QOTADELHS *at OMoBNoMG/E0mUONOU TwV CYNUATION®Y TOU dopotv To vTo-
Bahdoowo mpaveg elvar duaypovird.

IMpdobe €vdeilEn twv pawopévav ohioBnong mov Pploroviar oe eEEMEN oug Toupfiditnéc amobéoeig
TUPEYETAL a6 TNV dlePdoQmon TV Womaydv Twv Itnudtov avtdy (Ew. 2B). Ou loomayels Tov oynuamopos
amoxhivouy #ai ouyxhivouv petaEl Toug #al 08 yevirég yoappues dev axolovBoiv opahrj mopeia. e mepLoyes
7ov amovoldtovy pawvdpeve. vrodahdoouwy olobioewy ot womayeic drevBlivovan yevird mapdhinha mpog
115 wofabels. TtV GUYREXOLUEVY TEQITTWON 1] aVAPOAT SLEUGOPWOT) TWV LOOTE WY TEODIDEL TNV ONpavTLAT
enidpcon Twv govopévav ohioBnons omy dadiracia npatoyéveong Tov Tovpfiditndy arobéoewv  oto
vroBuhdooio mpaveg e Iavayomolhag.

Extdc Tov tovppdinixdv amobécewv oageis evdeEelg vutoMoBNTrey (poIvOPEVHY dLoHOIVOVTOL ®L OTO
EOWTEQLXO TWV POV RopNUaTwy. O CELOWKRGS YEOUXTIOUE THG EVOTNTAS (UTE [E TV TummLKY] “yaoTiky] Supdp-
puon” ®aw TV amovoia ecwTeQLrs dowig Elval anotéeopa TV pavopévoy ohiobnong 1 eprvopoy.

7. EYMIIEPAZMATA

Ané ™y avdluon Twv OELOpHaY Topdv Air Gun xo Twv topoypaguiv BOOMER, mov mpaypatonon]tn-
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wav oto vrobakdoowo mpaveg g Mavayomovhag, TOorUTEL GTL 1) RVOLHTEEN PO OAioBNoNg mov Aapufdver
YOO EIVUL 0 EQTUONGE, SESOREVOL OTL amovouiCovy aSlehoya GuIvOpEva ETELOOOLIXOV, Blttwy olobjoswy.

Me faon ta vidoyovia oo ela e Ty dopr Tov vrobahdooion Tpavols 1) 000gY TOU HAOVOTIROT VIO~
faboov, dnradi twv aoPeotorBuv ag’evog xal ) 00ogn TV powV %opNudTtwy (Baon Tmv TovoPLOTIROY ¢tro-
béoemv) ag’etépov amotehoiv mbavitata Tig ®UOLES EMPAVELES, KUTA PxOZ TV omoiwy hapfdvouy ywoa
avijoelg ohioBnong 1 epmuopol oto vrobaldoolo Tjpa Tov tpavois. X fdon Tov vrofahdooion Toavols
TOQATNOETUL CUMITIEDT] %UL TARUPROOP®OT TwV Tovpfdttinmy arobéoewy wat tomxés avabohwoelg Tov -
HEVLL, TTOU TROXUAOVVTOL GO TOV EQMUONO TV ATOBECEWMY TOV AVITEQOY TIIIUTOS TOU TOUVOUS RO ®OT ETE-
HTUOT TOV TAEVOLAWDV ZOOUATMV TOV YEQTUIOU TOUVOVC.

AOpES TUEAPSOPWONG ®at OEVTEQEVOVOES EMPAVELES RIVIONG, MOV OElhoVTaL OF Qaivipeva ohlothong/
EQMUONOY, TAQUTNOOVVICL OF OAGKANON TN OELOWEOOTRWUATOYOUPLRT] ROMDVE TV IEnpdTmv, dnhadr tdoo ota
aviTEQ (VEWTEQN) GO0 Xt OTU RUTWTEQN (TUAGTEQM) OTEWNATA. TO YEYOVGS (VTG HaC EMITOETEL VIL OUNITTE-
OGVOVE GTL TC PCUVOHEVH VT atotehovoay auwiiin dtepyaoia #atd 10 TECOPETO YEWAOYIXG Tapehbdv omyv
srepoyn g Havayomotiag zat ovveyxiCovy va eival o eEEMEN ofjpepa.

Me €upeco Tpomo propoupe va vobégouvpe my mbavi) oy€on petasl tov emgavewnv okicbnong oto vro-
OTEW TOV VITOBUAGOOLOU Rl Tov YEQoaion Tpavous g ITavayomovhag. ATG TIg HETONOELS TWV ATOXAOLONE-
TOWY TOOKUTTEL OUEI|S EQTVONOE TOV AVHTEQWY OTRWUATWY TOU ¥EQOUIOL TOAVOTS, RUDINE OTO TIjI RATAVTL
g Neéag Efvixric Odov, o omolog evromiletar ota mhevord xoprjpara. H zimon avni npogavag emnopedlel
1) HETAOIOETOL OTCL XOQTIALTCL, TTOV OUVUVTHVIOL OTO GVHTEQO TUHIA TOV VT0BalAooL0U TUVOUS %ot ETarGhOV-
Ba ong tovppiditinég anobléoeic.

Emopévag propolpe va CUPTEQGVOURE 6TL TO YEQOoaio ®at To vrobaldoaio Tjpe Tov mpavois g ava-
yomovhag Aettovpyolv pe eviaio Toomo xor arinhosmnoedlovrar. Mia mbBavii okionon oto yepowio Twijna
moorahel cuvbhires aordbelas oug amobéoes Tov mapdxrtion ®al vrobakdooion Tjuatos. Aviiotpoga, pia
mBovi] vtobakdooia okioBnon oto npaveég tporahel andhera oTipIENg TwV anoféoEmy oTa avdvTL ROl ETITA-
FUVEL POVOREVE RATOAIOBNONS OTO YEQOUIO TOMVECS.

EYXAPIZTIEZ: Ou ouyyoageis evyapiotovv Bepud my etapeic EAAGOMHXANIKH E.JLE. %o 1duati-
tepa Tovg % Z. [Mamaorioou o A. Pitoo yue my ovvepyaoia Toug raw Ty ddew dnpooievons otoyeimy e
VEWMTEXVIAIG EQEVVOS TOU LEQTULOV TOAVOUS.
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OPYKTOAOI'IKH ZYLXTAXH KAI ®YXZIKA XAPAKTHPIETIKA EAA®QN
KAAAMAPIAL (MAKEAONIA)®
A. TEIPAMIIIAHE'

ZYNOWH

Tau delyporta tpofoyovial and diagopenirnd fabn tecodowy exoragpmy Yo Bepehinon €gywy oty TEQLOX
e Kahapoouis, Atbohoyrd eivan apythadn péxor appommiodn. H extetapévy mapovoic tAhiT), opexrtim,
Beoprovhity, Yol 1ol Twv EVOOTTOMUATOUEVHY PACENV TOVE, 1) HEYAAN CUPHETOYY CwpaTdimy peyeboug
apyihov (5-58%) #at n mopovolo torhdy Tinbuondy #érrmy (rowj defdbuon), onpaivouy avoopudmta
1600 0pURTOAOYLXY] GO0 %o LoTohoyL Twv edagay e Kahapaouds. Exiong, mapovoudlovy younhi mhaotird-
™o pe 0pto vdapomrag 29,1-49,9%, . deinty mhaotndmrag 5,.7-25,6% war deixmy ovuveruxomrag >1,0, y’
autd autd o eddgn Bewpovvron nuoteped. Téhog, Tagovoldlovy ®upiwg PECO mg yopnhd duvapund ddyxrm-
omg #ou evepydmra < 1,0. H taydmre diatunmray xopdrov (Vs) otovs edagixoic oxnuatopovs g Kahapo-
oudg oe PAaOn péyot 50 m xopaivetal and 200 wg 650 m/s, VTOIMADVOVTOS TN PETELE dVORUMPICL TOUG AL THY
amovoia Boaywdovs vropdboov. Kapio exoxagi oty Kahapaotd yue my koataoxeu] dpduwy 1 m Bepehimon
duagpoowy rtpiov, dev eival ypovopdea ovte vrepfolnd damavnoer pe Pdon ta mapovaaldpeva otouyEeia,
agov dev ouvavtd oxAnEd ®oUoTahhixd TeETpRaTA, Chhd POVO IENUATOYEVELS OYNUATIONOUS IE OYETIAG Y-
AG BaBpd cuvERTIRGTNTUS Mol ATOOXRAYEUVONS %o Tdyog mov Eemepvd T 250 m.

ABSTRACT

The samples were collected from different depths of four excavation sites for foundation of buildings.
Lithologically they are clayey to sand-muddy. In the coarser fractions of 250-20 and 20-2 um quartz and feldspars
predominate. In addition, amphiboles, pyroxenes and epidote in decreasing abundance, occur with small amounts
in some samples. Among the phyllosilicates micas and clay minerals predominate. The finer fraction (<0.2 pm)
consists entirely of clay minerals and especially of illite, smectite, vermiculite, chlorite, and their interstratifications,
as well as of kaolinite.

In young soils as of Kalamaria, the extended presence of clay minerals and their interstratifications is due to
their terrigenous transportation from the adjacent drainage basin where rocks rich in feldspars and Fe-Mg
minerals predominate. The main alteration products of these rocks are the above mentioned phases.

The extended presence of clay minerals and their interstratified phases, the very high participation of clay
size particles (5-58%) and the presence of different grain size populations (poor sorting), signify both minera-
logical and textural immaturity of the Kalamaria soils.

The extended presence of smectite and illite/smectite in some layers, may be the result of alteration of
volcanic origin plagioclases. Rounded volcanic fragments with sizes from some millimeters up to 4 cm have been
found inside the sedimentary formations of eastern Thessaloniki.

The degree of compaction and induration of the soils is medium, because of the presence of grains of various
granulometric and mineralogical composition, as well as of the mild conditions of pressure and temperature to
which they have been submitted. The silt-clayey soils predominate.

The soils present low plasticity, with liquid limit 29.1-49.9% and plasticity index 5.7-25.6%. This result is
confirmed by the high values of durability index in the most samples (>1.0), for this reason these soils are
considered semi-solid. In addition, they mainly present medium swelling potential and activity <1.0.

The shear wave velocity (Vs) of the soil formations of Kalamaria to depths up to 50 m varies between 200
and 650 m/s signifying their medium rigidity and the absence of rocky substratum.

None excavation for the construction of roads or the foundation of various buildings (depths up to 13 m) and
none drilling for water finding (depths up to 250 m) that are referred in this paper, as well as in those that have
been carried out in the past at Kalamaria, have met hard crystalline rocks (igneous or metamorphic). Only

* MINERALOGICAL COMPOSITION AND PHYSICAL CHARACTERISTICS OF SOILS FROM KALAMARIA (MACEDONIA)
L. Tpipa Fewhoyiag, Apworotéhew TNavemonjuo Beoauhovixng, 540 06 Oeoouhoviun
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sedimentary formations with relatively low compaction and induration degree were excavated or drilled. On the
basis of all the above data it is concluded that none excavation of the Kalamaria soils is neither time consuming
nor excessively expensive.

AEZEIE KAEIAIA: apyihodn eddgn, apyihrd opurtd. guownd yaparmolotxd, duvapuxs didyrmone, Kaha-
paoui, Maredovia, EAhdc.
KEY WORDS: clayey soils, clay minerals, physical characteristics, swelling potential, Kalamaria, Macedonia,
Greece.

1. EIZAI'QI'H

Zmv edcupopnyaviznt mg Edugog YuEurmOILETAL TO QUOIAE VARG TOV BOIOHETAL #ATW UG TOV EMUPOVELQL-
%0 edapind opiovra otov omoio yivetatl 1) frdomon twv guidv. Amoteheital and yuhaod CUVOENEVOUS HoK-
#OUC OQUATWIV ZOL/T) 00YUVIADY COPUATIOIWY TOV PIOQOTY Vi dLaymOLoToty 1 astororinbovy uetai toug £lxo-
AL ILE UNSOVIRG TOOTO.

PurhomupLtind 0pURTA (#UEIWE HEUORAEVYIES ®at UOYIAMXG 0pVXTd) Poloxovian oyedov o8 Gha Ta £ddg
#al 1) TEoghevon Tovg ogelhetar oty eEahholmon aoTplmy %KoL GLONQOREYVNOLOTY MY 0QURTAY. ZTa elrpoTa
zhipara o (AAimg, 0 opextite. 0 PEQUIKOVAITIG %ot OL EVOOOTOWUATWUEVES PAOELS TOVS, £ival Ta Mo cuvnBt-
OpEVH apyIMRd 0pUxTd OF £ddg vedteong nhring (Weaver, 1989).

H 8i6yrwon agyihotymv edagav, otay exfEtoviar 08 Uy0aoia, PTO0El VO TOOXUAEOEL EXTETANEVY HUTU-
OTOYN] OE TOWIAES ROTUOHEVES IOV eivan Oepehimpéveg mdave o€ Tétola vhxd. H éxtaon mg didyrmong eEap-
TaTOL ®UOIMS A6 TO YEWAOYIXG YOOURTNOIOTIAA ROl TS PUOLROUNKOVIXES IOOTNTES TOUS OIS TEQLEXGUEVO
AOYIMZMV 0PURTWY, TEQLEYOUEV VYpaaia, Gole Atterberg, avroy] OAlyme ».Ax. (Hossain et al., 1997, Shakoor
#ot Sarman, 1997). To Bewonuxd poviého twv Shuai var Fredlund (1998) pmopei va fonbioel onpaviind oty
TEOPLEYN g el TOTOU ouvohiniic OiGYRWONS 1] CLEEXVWONS, TS £l TOTOV MEONS TS MGYRWONC % OTO
ouOUG e SLdyrwaNE 1 ovEpiRvLOS TV EdaOV. ‘Opmg XONOIROTOLOVTOS dESONEVH DORLUMVY YLaL Vi TQOPAE-
POUUE T OUWTEQLPOOA TWYV ROTUOKEVWV OF DeEwpeital moht evroko (Al-Rawas, 1999).

H teyvoloyia tov Bepehidoewy wal mg Beitimong twv edagadv, emrtoénel Ty aflomonon onolaodirote
TEQLOYIS OV ExeL TEOPANIOTIHG EQtpog pe TEQIOOOTEREC 1] hiydTepec damdvee, avdhoya e To eidoc g rata-
orevtic. H yve)on Tov YEOTEVIXOV {uouarmoLlonxdy eves edaqoue eival avayxraio, emetdr oe quté Bepedvo-
via mowiha €gya, cuviifog peydhng €xtaong row mgpéherag (r.y. divtua idpevong, amoyétevang 1 mhegavon,
goednice 1 deEapevég mowrihng xonons, dpdpot rat GAha VIGYELH £0YM, OOTILES %Ol PLOPNYAVILES EYRATOOTA-
oeig %.4.). Ehageég ataoxevég Oepehmpugveg oe dloyrotpeva eddgn pmopoty va vrootolv cofapés Prdapec,
Grav avEnBei n vypaoia Twv eSUQWOV aUTV.

Ot Bahahdg #.G. (1985) narardooouy ta eddgn tov okeodopxol ovyrponinarog Osooahovinne o £EL
XOTNYOPIES AVAROYE PE TV TQOEREVON KOl OVOTUON TOUS, XUOMS %L TU YEWTEXVIXG, YULOUATIOLOTIRA TOVE.

XONOWOTOLHVTUG TOLILEC OQUATOAOYIRES TEYVIKES RUL TIREC QPUOIKGIV YOOUHTNOLOTIAGY £GPV YIVETL
meoondBeLn va. SLEVXOIVIOTOUV oL dreQyaaies pe Tig omoieg Ta aoyhddn eddgn e Kalapaoide oympation-
HAV #AL 0L TEOQPUAGEELS IOV TRETEL VoL TALPVOVTUL, GTAY VUL AVOTOPEVHTES 0L DEPEMGDOELS SLAPORWV HaTa-
OREVHYV AV OF TETOLY VA T OTOIC CUPTHECOVTOL ROl SLOYRGVOVIAL 1] GUDDIAVEHVOVTUL EXTETOUEVL,

2. TEQAOI'IKA ETOIXEIA

H evpitepn meploy] avtig g pEAETNE YeEwTERTOVIRG avijrel 0TO dutixd Twjpa e Lovne TMawoviag mou
yopaxtneletal and my napovoia Inudrwy fabids Bdlacoas (Tnbiog). Aroteheitan ond To TOOHATO TTE-
ToWpeTa, ol Ta ayodtepa ota vedtepm: Aofeotéifor Toladinot — Iovpaaixol, npaiotelorhaonnd, aofe-
otohbor Avarepov Tovpaoinol, faord (ydappoor, dokepites) now vrepPfaoind (ogetdhbol) xat 1éhog aofe-
otdhbor nhizicg Konudwoi (Movvipdrng, 1985). Tmv Kahapaod Neoyevij »ou Tetaproyevy xhaotnd 10j-
poter zaw arhovfraxés anobEoelg, 1ahinTovy GLOUS TOVS TRONYOUHEVOUS TETOOYQUMPLLOTS OYNHATLONONUS OF
mdym mov vrepPaivouy ta 250 m. IMiewotorawvirol oynuatiopol emxdBovion ote vrepfaoixd kol faotnd me-
towpata vota Tov Mavopduatog (Zamouviic, 1969). ArolBdparo, ahhd ro SL00TaVEOVPEVES TTOWHOELS -
py, emfepadvouy m Bakdoown zow epoomotdue TROEAELON autmy, aviiotora (Magivog, 1965). Ztoug
0QEWVOTE Gyroug fopeta nou avarolnd e Kahapapids emxpatoiv mpaovooyiotéhbol wat yappoot-neptdo-
Titeg avriotoyn, evd Gha Ta ATiopata g ToANg eivon Bepehwpéva Tdve o eddgn Tov wmoTEAOUVTIUL GG
GyLOTOMMAOVS, apylhoug 2ot Papputopdyes Mpvaias péxol Buhdooiag gaone.
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Sytiua 1. Tomoypaqguxd oxapipyua Kalapagids (A = Ofoers deryparodppias exoxagav,
B = fcoeic yewrorjocwy Heprpéperas Kevrguajs Maxedoviag, B = géoeic yewrptjoewy Etaipiag “Yopevone-
Amoyérevons Ocafvinng, Q= Oson yedronong A11.0.).
Figure 1. Topographic sketch map of Kalamaria (& = excavation sampling locations, B = drilling locations of

District of Central Macedonia, B = drilling locations of Water Supply-Sewage Co of Thessaloniki, Q= drilling
location of A.U.Th.).

3. YAIKA KAI ME®@OAOI

To detypara Twv #haotxv ICnudtoy oukhéyBnray amd duwgopetixd fdbn Tecadpwy exonagov, Yo Oepe-
Mwon Eoymv (Spjua 1z Mivaxag 1), Tamy agaioeon mg vyoaoiog Bepudvinray oe gotipvo Bepporpaoiog
60° C yiet 24 dpeg ®at om| CLVEXELR Roviomonjinxray o8 pyavixd xoviomomn Bolgoapiov yio €va Aemtd.
Eixoou yoappdoia o xdOe xovioromuévo deiypa vrofhifnray oe ynuxéc ratepyaoieg word Jackson (1979),
Yo Ty amopdxrpuvan Twy avemBiumtov (ouyrolnurdv) vhirdv: Avlpand oguxtd + Ogyavir Uhn + O-
Eeide oudrjpov #at vOpoEeidia aidjpov rat wpyikiov. O #UTEQYUOIESC AUTES EIVIL UTUQUTNTES OTNY AvAivon
TV AemTopepdv tnudtmv 1j edagav mou eivar mhovole 08 aoyMxd 0pUXTA %ol T omole #ATW UG PUOLHES
auvihizes elvol TAVTO CLOCWPATOREVCL.

ATS TeL RUTEOYHOUEVE DE(YILOTU ETOLNAOTNHOV TUY T TOOTUVAUTOMOUEVE TUQUOREVAOPHUTH (ROVEMS) TWV
whaopdrov 250-20 xow 20-2 pm wov vroflifnray o axtvoypagAy £EETHON YLK TOLOTIHG HOL NIUTOTOTIRG
TOOTSLOPLONS TWV 0QUKTHV CuaTaTiAMY Tovg. Entiomg, etoipdomuay mupdhinho ToooavatoAMOpEVe Tupuorevd-
opate v #haopdrov 20-2, 2-0,2 xaw <0,2 pum mou eSetdomray axtvoypaguid. Ta dia mopaorevdoparo
uofhifnray oe axtvoyeagun eE€taom petd and diumdtion Tovg e atpovs arbuievoyhunding yia 24 doeg
#ow cUTd O€ vEa axtvoypapun eE€taon petd and mipmo] Toug atovg 550° C yia 2,5 woec. Xonopomonjbnxe
antvofohic axtiviov-X gahxot zat giktpo vizeliov oe nepbhaoipetpo Timov PHILIPS pe meployy adpwong
3-43° 20. T TOV NUITO00TIXG TEOCOLOPLONG TWV 0QUXTHV oUoTUTIRGV Yonatpomonjdnray ot pébodor twv Schultz
(1964), Perry »au Hower (1970) »ar Moore zat Reynolds (1997).
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4. ATIOTEAEZMATA

Ta delypora €xouy yompa TEQEO PEyoL vaotavd. H Mbohoyu tovg TaSivepnon, HETd TV EQUOUoyT] ¥nut-
OV HUTEQYUOUDV, YL TV ATOPAAOUVON TWV CUYROAAN TGV TOVE VMRV, Tapovotdletar otov [Tivara 1. Ave-
TUOTWHVETL GTL TO CUYOMAG TOCOOTS TWV OUYZOANTIHWY VAtrdy (avBpoxixd opuatd + opyaviu Ay + oEeidua
adrjoou xat vdEOEEdLE CidTjpor xal aoYLAlOV), TOEOVOLALEL peydhn duuxipavon (3-40%). Auto dev cuoyeTi-
Cetau pe 1o Pabog, ahhd pe Ty apyx)] oBoTaoN TWV HETUQPEQSHEVIY VARGV aroodfpwons. To peyahitepo
TOCOOTO TOV OPEAETUL 0TV Fapovoia Tov avipazixot opuxtol aoPeotity. Yymhs mocootd ouyAOA TRGY
vALzaY onuaiver yapni Eviaon Tav SLEQYaoInY arooibpmwons, ETONEVIS ETUROATNON IOV RAPOTIAGY CUV-
Bnroiv. Zrov ido Tivaxo tapovordlovrat oL lotokoyés TdEels Twv eda@iray detypdroy mov eEstalovio e
paon my avahoyic tov peyéBoug tov xoxrwy toug (Soil Survey Division Staff, 1993). Avtd eivar apythmdn
uéyol appomnhndn. Téhog, dramotoveral 6Tl Ta ToCooTd ®oxrrwy peyehovg dupov (5-72%), hog (13-43%)
%o apyihov (5-58%) mapovordfovy mokd peydahn diaxdpavon.

Iivaxag 1. Koxxouetoxif zatavourf (z.p. %) twv deryudrov mov avalvlnxay.
Table 1. Grain size distribution (wt. %) of the samples analyzed.

Ae {ypat C.0.I.7 Aupog IAGC BpyLlAogC T&En®
% 2000-63pm 63-2im <2um

AyLog Iwbvvneg 1lo,s 17 31 24 45 ApyLAddeg C
Ayitog Iwdvvng 24,5 3 72 13 15 ApponnAddeg SM
Hpoag 8 34,0 7 5 38 57 ApyLAddeg C
Hpag 8 4¢.0 3 64 31 5 ApponnAddec SM
Ta&ppog (vépupa) 5;,0 4 48 38 14 nAddeg M
Téappog (véoupa) 65, 23 32 43 25 IInA@deg M
Kal&ln 5 71,5 40 12 30 58 ApyLAddeg ' C
Kal&ln 5 84,0 16 52 35 13 ApponnAddeg SM
'Ot apiBuofi dnidvovy Béoeig derypatoinyias and exoxapés Oeuslivons, o deixteg fdloc oe m xdtw axd Ty

EMIQPAVELQ.
‘AvBpaxixd oguxrd + Opyavuaf vin + Oeidia aibijpov xar végoeidia aidrjpov xar apyildiov.
lorokoyinés rdkeig edagav xard S.S.D.S. (1993).

Zrov [Mivara 2 divovral Ta anoteAéopata mg TAEOUS axtvoypagurng eE€taong, evd oto Zyrjua 2 mapov-
otGfovron avupoowrevtind reptbhactoypdupata Twv ®haopdtov tov delyparog 3. Alwmotovetal 6Tl ota
adpopepéorepa ®hdopara 250-20 #ar 20-2 pm, smxparoty o yehaliog ®aw o1 dotplot, eved petall Twv aotplmy
vrepEyouy o whaydrhaota. Enxiong, vidoyouy watd oelpd agboviag apgpifolot, mupdEevor xar enidoto mov,
eEautiog g oaydolug petagopds v andBeons ®ovid oty iy npoghevong, dev mpdhafav va eEahhoww-
Botv. MeTaEU TV QUALOTTUOITIREY OQUXTHIV ETUXOATOUV OL HUQUUOUYIES ®al TA aQyIhMxrd 0pUrTd. Z10t <2 pm
®AAOPOTO TV TEQLOOGTEPWY SELYPATOV EVTOTITOVTOL ®aw (v U1 eytxdy 0QurTdV, evd 10 <0,2 um ®hdopo
COTEAETOL AWTORAELOTIRG OMG wPYIMXA opUxTd ®at Wialtepa and thhity, opextity, fegpinovhin, yhwoim) xat
TG EVOOOTOWPOTWREVES PAOELS TOVG, ®aBde ®at xaokwvity. Me mipman otovg 550°C yue 2,5 wpec pévo oto
#hdopa 2-0,2 pm Tov delypartog 3 (Zy. 2e) mopamErBnxe TAjoNg HETUTOMON %o EVIOYVON ™S avarhaong and
ta 14,3 E ota 10,0 E, évdeiEn amovoiag yhwpim). e 6ha ta dhha »hdopota twv howrdy Seryudtov 1 ouppeto
Tov yhwpity eiven mapdiinin Tov feppiroviitg mov Bewpeltol TO O AVHELUO aEYM*G 0QUATE OF WijuaTa 1j
eddpn vedtepng nhriog.

I olyxplon pe ta amotehéopora aunig mg epyaoiug, otov Iivara 3 napovoidtovia oL opddes edagirdv
derypdTmv ovppuva JE To Evomouuévo olotnpa ®atdraEng edagadv (ASTM D 2487, 1985) and oxtd yemton-
oelg (ZyMpa 1) mov moaypoaromouminxray oty Kahapaoud arxd vy Mepupépewn Kevrpunic Maxedoviag (adn-
pootevteg exBéoeig 1989, 1990, 1991), ywpis ™V @uopoyr] omoLaodNIOTE YNUIKIS RATEQYUOTUS. ALUTIOTWVE-
TOL OTL EMAOATOVY TeL LALOCOYLAWOY £ddpn. Zpuguwva pe Ta MBohoyirnd anotehéopata TodoQaTmV YEWTONOE-
wv e EY.A.0. (adnpooievtn énbeon 1999, Eyrjua 1) BdBoug péyor 250 m, yio tv avedpeon vepou, oha T
TETOA T TToV StaTpumiBnxray ftav arorkewdtixd (ICypatoyevels oynpuanopoi (Yneidec, dupot, thieg, doythot
A0 PADYEC).
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Hivaxag 2. Ogvxrodoyixi ovoraon (x.f. %) Tov deryudrov mov avalvbnxay.
Table 2. Mineralogical composition (wt. %) of the samples analyzed.

Aelypa MéyeBog o] Pl Or Am Px Ep T.cl I S v

(um)
Ta.a 20-2 26 38 21 4  ixvn 11

<2 ixvn ixvn 74 7 19
24,5 250-20 41 24 9 26

20-2 14 24 31 13 18

<2 a7 31 12
34,0 250-20 38 34 12 2 14

20-2 28 28 24 20

2=0,2 ixvn 53 20 27

<0,2 61 10 29
4.0 20-2 21 33 27 19

<2 ixvn ixvn 46 39 15
53,0 20-2 16 36 24 9 15

<2 B+vn 47 38 15
65,0 20-2 23 33 18 26

<2 ixvn f(xvn (xvn 66 11 23
71,5 20-2 37 33 13 3 5 9

2-0,2 txvn {xvn (yxvn 79 7 14

<0,2 73 14 13
84,0 20-2 18 37 20 6 19

<2 61 19 20

Q = yalatiag, Pl = mlayioxlaoro, Or = opBoxiaoro, Am = aupifolot, Px = mvpoevor, Ep = exidoro, T.cl
= gvvodo agyilixav opuxrav, I = tAdityg

(+1/S) (1f naguagvyias + M(S ora >2 um xddouara), S = ouextityg, V = Pegpunoviirns (+ Ch + VIS + Ch/
V + K ), M = papuagvyias, Ch = ylwpitns,

K = zaolwitns. Alda ovufola dnws orov Hivaxa 1.

Iivaxag 3. Pvowrd yagaxmoiotixd edapov Kalauagids.
Table 3. Physical characteristics of Kalamaria soils.

Aetyned 'A‘\m;o;‘ Ih%uc ADY;MC T&En? \';1 ";p ip ‘i: I,
Aytog Iwavvne 1; 19 41 40 CL(zC) 46,3 22,3 24,0 20,6 1,07 nuioteped
Ayioc Iwhvvng 1,4 39 31 30 CH(cM) 43,2 24,4 18,8 34,6 0,46 nmoAl nmiootikd
Tfinedo dolvika 1, 42 29 29 CL(cM) 47,6 23,5 24,1 26,7 0,87 Alyo mAootikd
Tfinedo ®olvixra 25 34 33 33 CL(cM) 33,3 16,0 17,3 18,7 0,84 Alyo mhootikd
I'finedo ¢oivika 315 - 50 50 CL(zC) 44,4 26,7 17,7 41,0 0,19 udaponhootLkd
IKA Boton 1,,s 37 32 31 ML(cM) 29,1 23,4 5,7 15,1 2,46 npiLoteped
IKA Béton 2;,0 42 29 29 CL(cM) 47,2 26,3 20,9 20,3 1,29 npioteped
IKA Boton 2;,5 64 18 18 SC(sM) 47,7 26,1 21,6 27,9 0,92 Alyo mAoot.kd
IKA Béton 34 2 49 49 CH(zC) 49,9 24,3 25,6 12,1 1,48 nuioteped
IKA Boton 55 37 32 31 CL(cM) 32,8 20,1 12,7 3,8 2,28 nuioteped

'O apiBuoi dnidvovy Béoeig yeotorjocwv, ot deixres Pdbos o8 m xdro axd v empdvera.

’Evomouugvo ovotnua xardrabns edagdv xard ASTM D 2487 (1985): CL = tAvdodng dpyidog, CH = vymiijs
mAaotixdtyrag deyidos, ML = 1Avs, SC = apytAddns dupos. e mapévBean ot avrioroyes 10ToAoyIxes Takers
tovs (zC = ilvoapyidddes, cM = apyiloanlddes, sM = aupomioioes).

W, = dp1o véagomyrag, WP = dpto mAaotixoTyras, 1, = deintns mAaotixoryras (W-W ) W = mepiexousvy
vygaoia, I_= delxtng ovvextinaryrag [(W:-W)/I P}

Adda ovufola orws orov Hivaxa 1.
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1o Tyijpa 3 TapovodLeTal 1) CUOYETLON TOV TOCOOTOU TOU apYLAX0T ®AAORUTOS P T dEl(®T) ThaoTixo-
mrag oe dudyouupa TeSvounong doyxotpevov apyihwy Tov Van der Merwe (1975). AwmotdveTtal 611 To
apythadn eddgn me Kahapupiic mapovoidlovy xuplng HEdo wg yapnho duvapixd Sidyrmang ®al eVEQYOTnTaL
A<1,0. Qc evepyomra (A) yapaxmoiletar o Adyog tov delntn Thaotindtraw (1)) moog To apythxd rhdopa
(<2 pm).
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s YSa S o
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i}
v
p M s
L) g.
o 2 : f 2 3 &
Q 5 3 i 3 i
o i u 7

@6 35 30 25 20 15 16 5
26° Cu K, Axtivopoldia
Zynna 2. Avirpooomevtixd mepi@laooypdupata xlaoudrov deiyuarog 3.
a = tvyaia apooavarodiousvo, (B, y, or) = mapdlinla mpooavaroiiousva,
(0, §) = diamorioueva pe aibvievoyivxdin, & = wvgwuévo orovs 550°C .
Alda ovufola drws orov Mivaxa 2.
Figure 2. Representative XRD patterns of fractions of sample 3.

a = randomly oriented, (B, y, o1) = air dried, (8, §) = ethylene glycolated,e = heated at 550°C. Other symbols as
in Table 2.

5. EYMIIEPAEMATA

O whpatirég ovvbijreg mov emxpatovoay ®otd ) ddpxewa Tov Neoyevotc #at [MThewotéravou (23,7 —
0,01 exaropp. yoévie wow) oe elrputeg mepLoyEg 6mwg 1 EAAdda (Nairn, 1961), svvénoay myv aroodowon
TV ooty zol VTEQPAoIR@Y TUOLYEVHV, ®UBHIS ol TWV PLETAUOQPWIEVOIV TETOMUATMY OV EMHOUTOTY TTNV
EVPUTEQN TEQLOYY VTS TS REAETNG.

EEautiug g peydhng diaxipavong Tou moooatol v ¥6xxmv Gupov, thiog %ol aoyihov, OUITEQHIVETAL
011, TOO0 1) CUOTHOT TWV VMOV aroodbpmong 600 ot 1) HETAPOQLRY LXAVETITA TOU VEQOU, TOIRIMGY ompavTi-
%O HOUTd TLS OLUPOQETIRES YOOVIKES TEPLOOOVS NETAPOOAS %ot amdheons.

AETTOPEDN|G HOUROPETOLAY HEAETY TV deEvypdTmv mov eEetdlovra, ahhd now mtohadtepmy peletwy, emfe-
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Pordver my emrpdmon xéxrkwv peyédovg <0,06 mm (ki + doyhog), eve axohovbotv oe avahoyic kGHxoL
peyeovg dupov (2 - 0,06 mm). To 10000T6 #Gxawy peyEovg >2 mm (yohina) dev Eemeovd 10 10% oo
OUVOLO NS OTOWUATOYOAPLAS OTHANG.

Ze mooopatns nhxiog eddgn dnug g Kahapaoids, 1 eXTETAueVnN Tagovaie thATy, opextity, BEopROvAL-
™, YAWOIT e TV EVOOOTOWRATOUEVIY QACEMY TOUS, OQETAETOL 0T YEQUOTOTALL HETAPOOH TOUS atd T
YEITOVIN] AERAVI ATOPEONS OTNV OTTOI ETUHQUTOVY TETPUIHOTE TROTVOLL OE UOTEIOVE %at adnoopayvnototya
O0QUATA TV 0OlwY #ipLe TEOTOVTA eEahholmong elval oL Taoumdve @aoEic.

100 . =
< 90
= 804
A=07
U 70
:% 60 - =0.6
o 2
2 50 A=0,5
E 40 - TTOAY FHAO
=
L 201 / YWHAO
c 20 iy
g EX ®
Z 10 *
4 XAMHAO ®
0 10 20 30 40 50 60 70 80 90 100

Apyrhixd xhdopa (%

Zyrjpa 3. Ardygauua ta§ivounons doyxovusvey agyidov. IMpoodiogiouds dvvauxot di6yxwong xai eveoydri-
tag (A) xard Van der Merwe (1975).
Figure 3. Expansive clay classification diagram. Determination of swelling potential and activity (4) according to
Van der Merwe (1975).

EEautiag mg ovyrerouiévng opurtoroyixic mapaygveomg, Tg ok peyding ouppetoxic Tepaydiny peye-
Boug apyihov (5-58%) rar mg waxijg diafabpiong Twv xéxrav Toug (rolhol ThnBuopol ®GxrwOY), Ta £dGEN ™
Kahapapudg eivar avapie, 1600 0puATOLoYI%A 600 it LOTOAOYLAE, OUNGOVE IE ToL VTIOTOUY0 SLay e
Touv Weller (1960).

H extetapévn magovoia o8 0pLOpEvous 0pILOVIES TOU OUEXTITY XKoL TS evOOOTRWUATWREVNS PAONS TOU
thhitn/opextim, pmopel va elval 1o amotéheopa Eahloiwong TAayLERALOTOV NPUOTELHRYS TOOEAEVONC. ATO-
OTEOYYVAENEVEL NpanoTeELaxd Boaiopata peyélovg oplopévav yhiootdv uéxot 4 cm éxovy Poebei péoa oe
inparoyeveig oynuanopovs Ts avatoiric Oeooarovinng (Sarovvilic #.d., 1980).

O Babpdg ovvernndmrog Zo amoozhjouvong tmv edugav eivon pétolog, eEartiag T Tapovoiag ®éxxmy
TOLXIANG HORMOUETOLAS How 0QURTOROYIAE oloTaoNS, RuBiS RaL TWY MWy CVVBNRWOY TS %ot DEOHOXON-
olag otig onoieg €xouv vmofinBel. Emxoatotv ta thvoapythdddn eddgn.

Ta eddign mapovoidovy oyetind yapnh mhaotrdnyte e Sowo véupdmrag 29,1-49,9% wa Seizm mhaot-
némrag 5,7-25,6%. Avté 1o copmtépaopa emBePodveTal amd TIC VYMAEC TIHES TOV SElTY OuVERTIRGTTAS OTA
nepLoodtepa defypata (>1,0), yi© ovtd avtd ta eddgn Bewpoivia nuoteped (Tivaxac 3). Emiong, mapovoid-
Couv #upimg pEco we yapmho duvapzs Sidyrwong ra evepydmra < 1,0 (Syripa 3).

Kapio exonagr ywo mv xataoren] dodpwv 1 yio m Bepehinon dudpopwy wripiov (Bdbn uéyor 13 m) za
HOLio YEWTENON Yo Ty avedpeon vepou (Badn uéyol 250 m) mov avagpégoviar ¢° auti mv epyaoic, ahhd wo
ot GoEg £xovv moaypatomombel oty wepoyi g Kahapapids, de ouvdavmoe orhnod xovotahhixd tetodpoata
(mupryevii 1 petapoogopgva). Mdvoy ilnpatoyeveis oxnpomopoi Twv ooimv o BaBpds cuvertixoTaS Hat
amooxMjpuvong elven oyeTRd yapnhds, €xouy exoragrel xoat darpumnOer.

Zipgovae pe pekém tov Topéa Mewtexvinnc Miyavinis Tov AJLO. (adnpooievty €x0eom, 2000), €yive
TOOOBLOQLOPGS TV SUVEIKGV YUOUATOLITIRGY TOV eddgovs e Kahapaotds pe yedtonom ot Béon mepinte-
oo Tpooxdmwv (Zy. 1) pe m pébodo e oetopnis dioxdmmong Cross-hole. Ta empaveioxd agythddn otow-
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pota dxovg 5-7 m mapovotdCovy TayiTTe dierpnuikdy wopdrov Vs=200-230 m/s, o apHEcnS VTORENEVE
oTpWHOT (MAQYES JIE EVOTRIOELS GUUwY ®aL agyihov) mdyovs 15 m gyxovv Vs=450-650 m/s #ou 1o aroun
Bubiteon apyhddn orodpara, péyor faBog 50 m ad my empdvela, tapovardtovy Vs=280-600 m/s. O a-
paméve Tpéc Vs Bempotivial yevizd vymhiés vrodnhdvovtag edagirols oynuanopois pEToag dvorappic,
o8 wogio Gpme Tepimtmon dev eivar avahoyeg foaywday vropdtowy (Vs>750 m/s). O aoiBpdg zrimov N-SPT
otoug do avitepove oynuatiopols emPeParcivet Ta duvaprd yapawmolotind, xabog ovpfaived Oteloduom
ToU YEWTONTXZOU OTEREYOUS pE 50 %Timous avd 10 cm, YeYoveg Tov UTOdMAWVEL TOV EdAPIXE YAQUATIOM TV
OYNUCTLOPROV.

Me Pdom To mapovotalGpeva ototeia, CupmeQuivetat 6T N exonagy Twv edagpuv me Kahapapdg, yiemy
raraoxevt] dpdpmv 1j m Bepeiinon ddpoowy vupimy, dev eivar ypovofdpa ovte vrepfohind dumavnen.
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ITOIOTHTA THE BPAXOMAZAYX KATA MHKOZX THE YIIO KATALKEYH
LIAHPOAPOMIKHE ZHPAITAX TOY ITAATAMQNA®

M. XATZHAITEAOY, B. XPHZTIAPAr', T AHMOHQYAOE', I. LOYAIOL',
A. KIAIAZL', B. MANQAAKOL

ZYNOWH

H apoioa epyaoic avageoetal om diepetivnon mg rowdmrag mg foayopdlog 6mov rotaoxevdleTal 1
atdmeodopwi orjoayya tov Mharapdva. Meprypdgetan 1 yewhoyie e neoLoxs 6we croTumdinmte xotd )
dLavolEn e orfjpayyag xat tafvopeital Towotxd 1) Poayopdla pe egappoy] Twv pedédwv RMR (Bieniawski,
1976) new GSI (Hoek, 1974, Hoek et al., 1998). Téhog, ta amoteAéopata Tmv dto pedddwv ovyroivovral yic
GhOVE TOUE OYNUOTLORONS TS TEQLOYIS HEAETNS RO SLUTUIMVETOL EWTELQLXY OYEO ILE 1XAVOTOMTIXG TUVTELE-

OTY] OVOYETLONC.

ABSTRACT

The present paper refers to the investigation of the rock mass at the area of the under construction railway
tunnel of Platamon. The new railway line connects the northern boundaries of Greece with Athens. The height
of the tunnel is 13m. The tunnel is 2666m long and consists the following parts: a) 2+430 — 3+818: Tunnel, b)
34818 — 3+880: Cut and Cover, c) 3+880 — 4+345: Tunnel, d) 4+345 — 4+412: Cut and Cover, e¢) 4+412 —
5+096: Tunnel.

For the construction and the safe support of the tunnel, the rock mass was investigated using the RMR and
GSI geomechanical methods. According to our investigation, the rockmass is generally characterized as poor to
very poor. However, in some parts the quality could be characterized as good or intermadiate. The results were
compared and empirical relationships were established.

KEY WORDS: Zrpayya (tunnel), taEwounon oayopdtag (rock mass classification), ojoayya TTAatapdve
(tunnel of Platamon)

EIZATQI'H

H duavoin mg onjparyyag tov IMhatapdva £yLve yuo vo eEUOeTioeL TIg avdyxec prag duthric owdnpodooput-
®1ig yoaprwic vymirig topimtag pe nhextpoxrivnon. H orjpayya ivat povod ¥Addov #at dumhrig watevibuvone. H
xdeagn mg véag yoouuis Eexwvd and ta dpia Twv Némv Iépwv wat tov IMhatapdva xal wotevbiveta fépsua
daoyiCovrag tov IMharapdva (Ewx. 1). To tyog mg orjpayyag eivan mepimov 13m. H ovjoayya, 1 omoia €xet
ouvohxd winog 2666 m, Eextvd amd ™ X.0. 24430 tov €pyou rat mephapfdvel Ta Topardto TuIjioTo:

X.0. 24430 - 3+818: Yrdyeia exoragr wixove 1.388m

X.0. 3+818 - 3+880: Cut and Cover (avowrté 6puypa pe enaveniywon) pirovg 62m
X.0. 3+880 - 4+345: Ynéyewa exoroagn wijxovg 465m

X.0. 44345 - 44412: Cut and Cover pjxovg 67m

X.0. 4+412 - 5+096: Yrdyewa exonaq pijrovg 684m

L

I'EQAOI'TKA LTOIXEIA THE IIEPIOXHE

H neguoy anoteleitar and ogeidhibous enwbnpévoug ota Towadinoiovpuoixd netpdpate Tou avlpari-
#0U ®aiippatos e Mehayoviuns nabog xal emuivonyeveg Tomobemuévous xontidinots aopeatéhboue. Ka-
Td v emddbnon, mov EhaPe xwoa oto Avw Iovpaoixs, OYNUATIOTNXE YUEAHTNELOTIHG OPELOMOS piypa (me-
lange, Movvrodxng, 1985, ITME, 1987). H S1GT0EN TV YEOAOYIXGY OYNUATIONGDY %aTd [Wjrog e ofjpoyyas,
OideTan v yewhoyuu topr] s Ewdvag 2.

* ROCK MASS QUALITY ALONG THE TUNNEL OF PLATAMON UNDER CONSTRUCTION
1. Twijpa Tewhoyiug, Aprototéhewo TMavemonipo Oecoakovixng, 54006 Osooahovixn
2. EPTA OXE AE., Kapdhov 27, Abjva
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) Cupjigite 26) 1595 0

Ewx. 1. l'eoyoaguxj Ocon s megioyijs
Fig. 1. Location of the study area

H orjoayya, omy eicodo mg (X.0. 2+430) damreovd €vav €Viova TEXTOVIOHEVO OPELOMBIXG oYNUaTiopd
amotehovpevo, ot Oéon auni, ®uping amd apgiporitec. Ané ™ X.0. 2+550 péyor ™ X.0. 24800 mepimov, 1
mijpayya duemeovd mapomotdpes aroféoelg Tov TetapToyevorg, oL ontoles foloxoviat 08 Textovixy Emagt Pe
Toug ogetdhiBoug, Tou omolovg 1 orjpayya cuvavtd £x véou oto Tjpa arxd X.0. 24800 peyor 2+900 mepinov.

T ouvéyela, 1) opayyae draoyiCet, o pixog mepimov 100 m, yxoitovg — yroléhevroug AeTTOOTOOUATE-
deie e PecooTomUATMdELS ®onTdizols aofeotéMBoug, oL omoiol eivay ToroBepévol endvm 08 VEOYEVELS
oymuanopois (X.0. 3+000 - X.0. 3+350).

Ta Neoyewii (&ijpare me meproyiic amoterotviar ard amobéoeis onyis Odhacoug, ot omoleg amotehotvron
G CTOHOELS TOMI CTLPOMY 1L OXRAODV HACTUVEHV AUPOBHY QY TAOY #ot IMIOS (LE RAOTAVORITOIVES 7O TOTTL-
%A YROILOMQAOIVES TURVES COYIMBOEIS GUPOVS E YGRXES 1oL [UrQA Tepdy ®QUOTahlx@Y aoBeatéhboy al
vrepfaoirdv retpwudrav. "Evag yrog Kontudizot acpeatéhBov mbavov va ohioBnoe natd 1o veoyeveg and
yerrovin epwoy. Ta thijpare Tov Neoyevors epgavitoviar ong Oéoeig amdé X.0. 2+950 péyot X.0. 3+450.

A6 T otogeia mov €xoupe oukhéEet, eivat mOAVG 0 TUEMTAVD TYNROTIONGS TOU UQUATNOIOTIXE WS
«veoyevil 1hjpeTors va pny efvat Timoto dAho meod Textovind haturonayég Tmv aofeatébuy oty emagn Toug
1e Tov ogeloMBIS oynuoriond. H Siepetivnon dpwg autol Tov yemhoyizot moofhjpatog arotehel Eeywolotd
O, Tépay Twv 0p{mV %L TOU OTGOV TS TUEOUONG EQEVVAL,

Metd T veoyevi ihipara 1 orjpayya dtameovd ogetdhiBous aviiotoous pe avtolg mg X.©. 2+430. Zm)
ouveyela, o péyor m X.0. 3+750, o ogpetdhbor avaratetovial e avBQumitd TOLHdLX0-10V0aOIXA TETQWHL-
Tt Hivovrag TV EVTIImON EVES TEXTOVIZOU piypotog (melange) mov oynuotiomxe ®otd v endinon Twyv o-
@eohifoy endve oto avBoauxd kdhvppe g Mehayovirrc.

O oynuatiopoi mg Mehayoviric amotehotvian o evahhayés poiouv xor Aevrdv pappdonv pe mhjtog
TEXTOVIAGY CLOVVEXELGDY, YROLLSIaEoD Yomuatos aofeatéhbovs, Aaturonayelc aofeotéhBous, naotavehev-
#ODE %OUOTUAAROUS OPECTEMOOUE, RUTOKREQUATIONEVE TEUCYN NAQPGOMY AVAPESH OTa 0TTOlet VTGEYEL hemrTd-
#or#0 VARG avBpazimic olotaone vafue wal Aevzd évrova anocafpmpéva pdppaga. O avBoarixol aurol
opuaniopol magovoudtovy mowmikes dtevbivoelg #hioemg, EVIOvo TEXTOVIONS xat riywan. O oympotiopol
GUTOL EIVELL HETOOTOMUOTHOELS ®ou ®atd 0E0eLS TaxuoTomRaTdOELS %o anotehotv Tjid Tou Avatohiroy av-
Oparot vadvpparos. H nhxia tovg tomobeteitan oto Towadind-lovpaoxd.
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Katd mv exixhvon tov M.-A. Konudizot, pavgot zat yroot €mg yrollhevxol (hetootompaTidEeLg £mg
RECOOTEMRATHSES) aofectéhbol torobemibnray, oe covppwvic, EXdvm ota Tpolindgyovie avipanind e-
todpata (X.0. 3+850 — 4+100). Ero yujpe ad X.0. 44100 péyor 4+200 OfoUYY T CUVOVTA OEQIEVTLVITES
10U TERTOVIXOU Rahipparog. Téhog, and X.0. 4+200 uéyor my £Eodo mg arpayyag (X.6. 5000) n afjoayyo
Toladirovc pecootpwpatidels aopeotéhbiovs, enwtnuévoug ogeshbovg (X.0. 4+400 za X.0. 4+800) waw
TOLDIHOTE TOHVOTEWPATWOELS tOPECTAMBOUS PE EVOTOUWOELS oyLotorlBwy. Eni Tov oynpamiopsy autoy, Toro-
Betovivran xonTdixol aopeatdibor.

IEQMHXANIKH TAZINOMHEH BPAXOMAZAYL KATA RMR (BIENIAWSKI, 1976)

e v taEwvéunon mg poayopdtag zard RMR yonoyomonjtnxay ot mapaxdtm mAnpogopleg: H avroyr
TOU GUUTTEYOTS TETQWHATOS, 1) TAQOVOIX TOV VoYEloU VEQOU, 1] rowdmra Tov retp@patog RQD xaw 1 natd-
OTALON TOV GOVVEYELDY. H %OTAOTOON TOV HOUVEYEUDY TEQLYQUPETAL IE TV OGOTAON TWV COUVEYELMY, TO
I#OC TOVE, TO GVOLYRA TOUS, TV TROYTUTTC TOV TOLWIATMY TOUS, TV amooGHpmon TV TOLWUATWY KoL T
orhnodmta Tou vhirol Thjomong.

Ta tapamdvo oroueie oubkéyBnray oe #aOe fripc ™mg exoragis, pe oT6xo ™ ovoTnpaTixy TeEwounon mg
Bocyopdtag rotd wirog ™me ofjpayyas. AT my aELohGyNON TV RETOHOEWY TEDIOV SLUTOTHVETAL GTL 1) TTOLS-
mra e Poayopdlog, oto twipa and X.0.2+430 fwg X.0.4+222, eivar groy] mg oM @Toy] LE HEQIES
BéoeLc pdvo pétolag mowvmrag. Tug O€oeis cTég ouvavTdvTaL 0@eLohBol TYNIaTIONOL, yohaod ihjpora Tov
Teraproyevoig, ihipoara Tov Neoyevols, £VI0Va “UTUREQUATIONEVOL aofeotéhbor mg [Mehayovirng Covig nht-
wiag Towaduov-lovpaowod, xat yroitog €ng yroilLdhevrog aopeotéhbog Tou Kontdirou.

An6 X.0.4+222 fwc X.0.4+459 o aofeordhiBor mg Mehayovinig #at oL 0@etGhboL TOU CUVaVTHVTL
yaparmoltovron pétplag g graic rowdmrag. And X.0. 4+459 €ug X.0. 4+696 cuvavTuVToL TEUOTRMI-
16de1g aoBeotéhBo Tov Konudiro, evdiaotomoeis oxtotéhbwv. H Beayopda o avni m €om yopormEiCe-
TaL we péone mordTrag Poayopdta pe Béoels wakiig ahhd rat grwyrc oromras. H groy oLGTTA ™S POy 0-
UGLaC OMETAETOL OTV EPQAEVION TV OY10TOMBGY oxnuaTiopdy. Ané X.0.4+696 wg X.0.4+7821 Boayopd-
Lo elvan oy xow zard B€oerg Toht groyi eEatiog mg exdOnomg Tov ogetohBiron OYNUATLOPOU GTOV TTOU-
orowpatddn aofeatéhifo. Téhog ong X.0.4+782 wg X.0.5+079 EavaouvevTdtal 0 T uoToupatdng aofe-
otéMBog Tov Konudueot xaw yi” avtd 1 foayopdla yapoaxmoltetan péong £wg xahic mowdmrag. Tékog, and
X.0.54+079 énc X.0. 5+096 ov aopeoréhBor mov eppaviovrar elvar 1oyved HEQUATIOMEVOL %Kit 1] Poayopdio
yeoarmOICeTaL proyis g ToM @rwyric ot Tac. AQd, OL TUQUTOTAMES anobéoerg tov Tetaptoyevols, oL
yeooaioL %ot Apvaior oynpaniopol Tov Neoyevos, oL oxLotohbor at ou OYNUATLONOL IOV CUVIOTOUY TO OQELO-
MOw6 piyua (melange), anairovv modobeta péroa vroomieiEns. Aevtepoyeveg evaictnrol oymuatiopol eival
o1 0QelOMBIOLl TYNPATIONOL, 0 Y#PILGXOWHOS #EUOTaAIXGS aofeotéMbog Tou Konudizov, %ot oL Akemrootow-
patddels Emg pecootpwpatddelg aopeatéhbor Towadwov-lovpaoxou (IMivaxag 3).

T10 OUVOAG TS 1 TodTTa TS Poayopdas xaooxmeeTal Gruy £ws TOA gTwyY| He tomxég BEoELg
#ohijg €m¢ PETOLOG TOLOTNTAS.

TEQTEXNIKH TAEINOMHEZH BPAXOMAZAL LYM®QNA ME TON AEIKTH 'EQAOT'TKHE ANTOXHE (GSI)

H yewteyvinn taEivépmon otpgove pe tov Fewhoynds Aeixmg Avioyic (GSL Hoek et al, 1998) omp(Cetar
oy ToLoTXY EXTIIMOT TOV CUVGAOU TS POOYONGTHS L GYL HOVO TwY PN(OVIRGY aparToLoTiHav . O yaoa-
wmotopde ™ Poayopdtas Paocietar omy taEvounon mg dowrig TOV TETOWRATOS, Soov agopd Tovg Gyroug
7ov oymuotitoviar eEating Tov RoTOTHHoEMV %ol Tov diuxhdoeny, xabog raL my EMUPAVELURT] HATAOTAOT
v aovvexetdv. “Etol, yvooilloviag Ty #ardataon 1oV Toyopatny Tov duanhdoewy rai ™ dow ™g Empa-
verag Snoveyeltat pua Baom yia Ty TEQLYOpY Jag eVOElng OE1Rdg THTmY Poymdiv palwv amé 6mov pro-
oei va extymBel n T Tov Asiwn Fewhoyuuic Avroyiic (Hoek, 1994).

“Evavei me peBédov RMR, 1 pé80dog cvnj omoiletal TEQLOOGTEQO TNV YEWAOYIXT] TAQUTHENOY poive-
Tau GROC Ve XOTAM{YEL O TEQLOTGTEQO CUVTNONTLXKA oamotehéopare. "Etol, ovpguva pe ™ pehém tov Hoek et
al, 1998, yia 1o oyworéhBo g meptoyric Abnvay, n nébodo GSI €8woe TP rEGTEQES and TS TRES oV
£dwoe 1 pébodog RMR.
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ITivaxag 1. Tyues raSvounongs xard RMR xar GSI xard wijxoc ms ofjpayyas (tynéc RMR: and agyeio «EPFOXE»)
Table 1. RMR and GSI rock mass classification along the tunnel (RMR values: according to “ERGOSE Co” archives)

X0 -X0. RMR GSI X.0.-X0. RMR GST
2+430-2+525 0-20 10-20 4+445-4+459 4247 4045
2+525-2+884 0-20 <10 4+459-4+464 40 35-40
2+884-2+930 35-38 30-35 4+464-4+492 30-38 30-35
2+930-2+979 25-27 30-35 4+492-4+502 29 30-35
24979-3+349 0-20 10-20 4+502-4+581 0-20 20-25
3+349-3+354 26 20-25 4+581-4+621 45-51 45-50
3+354-34386 30-32 3540 4+621-4+641 32-35 3540
3+386-3+480 25-28 25-30 4+641-4+683 45-52 3540
3+480-3+550 0-20 10-20 4+683-4+696 21-29 30-35
3+550-3+583 0-20 20-25 4+696-4+752 0-20 10-20
3+583-3+608 25 20-25 4+752-4+760 42 40-45
3+608-3+668 0-20 20-25 4+760-4+765 69 50-55
3+668-3+685 21-29 25-30 4+765-4+780 50 45-50
3+685-3+703 4145 3540 4+780-4+782 70 50-55
3+703-3+755 0-20 20-25 4+782-4+792 57-60 45-50
3+750-3+800 0-20 15-25 4+792-4+795 47 4045
3+800-3+818 0-20 15-20 4+795-4+802 60 45-50
3+880-3+933 16-18 20-25 4+8024+815 66-69 50-55
34933-3+946 16-18 20-25 4+815-4+825 57 45-50
3+0946-3+955 31 30-35 4+825-4+829 47-48 4045
3+955-4+005 18-19 20-25 4+829-4+900 0-20 20-25
4+005-4+025 30-38 3540 4+900-4+909 0-20 25-30
4+025-4+076 4145 40-45 4+909-4+911 34 30-35
4+076-4+175 0-20 15-20 4+911-5+012 43-51 40-45
4+175-4+189 21-23 25-30 5+012-5+051 61-64 50-55
4+189-4+216 0-20 20-25 5+051-5+064 45-49 40-45
44+216-4+222 22-24 25-30 5+064-5+073 6l 50-55
4+222-4+345 0-20 20-25 5+073-5+079 48 40-45
4+407-4+439 0-20 25-30 5+079-5+089 36-38 3540
4+439-4+445 36-37 35-40 5+089-5+095 0-29 25-35
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Hivaxag 2. Extiunon tov uérpov magauoppoons
Table 2. Estimation of the deformation modulus.

5 " Movoagoviki] avroyi Métpo Komyopia
Eidog oynpatiopod o4 (MPa) Mapapdpguotg, Ex (GPa) Bpayopaleg
IMapanotdjueg l}‘.ltl?ﬂé()’ﬁlg 4 0,2-0.35 c
Tetaptoyevoic
Xepoaion kat ltuvulcztt aynpatiopoi 6 0.24-0.43 B.C
Neoyevoig
Zeprevenvtess o) 29 0,54-1,71 B
TEKTOVIKOD KaADUpaTog
INepilor-yrprlohevkot
AENTOOTPOPATOSELS £ :
pecsootpopatndels acBeotobol < 0%8-dia &°=B
Kpnudikov
MNayvotpoparddeg acPfeotorbor B et
Kpnyribixod 52 2,28-9,6 A -B
Evaddayic padpov xat Aevkov
papuapov 52 1,28-1,71 B'
Tprudicot-lovpacikoh
l"patpmlco{g cxtmol\ﬂqg 24 0,64-0.76 B
Tpudikoi-lovpacikon

Mivaxac 3: TaEvounon s mo6THTAS TOVY YewAOYIGY oxuaTiousy xatd RMR xat GSI xard uijrog g
orjoayyag.
Table 3. Rock mass classification according to methods of RMR and GSI.

Te@koyikig oynpoaTiopos Evpog GSI Kamyopia Edpog RMR
Tagwopnong
RMR
INapomotdpueg anobioeg <10 v 0-20
Xepoaiot kat Mpvaior oynpatiopol 10-20 v 0-20
Zepmeviviteg 10-30 V-1V 0-23
ApgPoiiteg 25-35 V-1V 0-38
Ogeviibot 10-35 V-1V 0-29
Zyotoibol 10-20 Vv 0-20
Adfearolibixa_retpduara Melayoviric {ivs

T'kpiloypopog kpuotarikis acPestohbog 20-25 v 16-18
Evodhayég pavpov Kal AEUKGV puppapoy 20-30 V-1V 0-25
Aatvronayng acfeotdoibog 25-40 V-1 21-45
Tepdym poppdpov o appddeg vhikd 10-20 Vv 0-20
"EVIOVE KUTUKEPUATIGHEVOL AETTOCTPOUATOSELS £mG 20-25 A% 16-18
pecootpopatd@dels acfeotdibor

Tektoviké hatumonayég 10-20 vV 0-20
EEgldewwpéva pappapa yopig otpoon 10-20 v 0-20

Aofearoibior Kpyudicot

Ikpilor-ykprloievkol AenTooTpOPUTOSELS £0G 20-45 m-1v-v 0-48
pecootpopatddel; aspeotdmbor

Moyotpouatd@des acPfeotoibon 30-55 IV-TII-11 21-70

O Tipéc ov TEOEXVPaAY artd TV TAEVGUN 0T TOV TTEUYUATOTONjoaE Ot orjpayya Tov [Thatapdva, gol-
vovrar atov IMivexa 1. Zopgova pe vy taEwvdpnon zard GSI 1 Boayopdla pmopel va yaourtOLOTEL OT0
OUvoke g wg Poaxopdia péong £wg uxrc avioyis.

H nyw tov GSI og ouvdomon pe ™) povoaoving ouumeotixt] Taon o, uroel va odnyioeL oty extiunon
Tov péreov Tapandegwong E_mg feayopdlas ovpgova pe ™ oygon:

E, = (0,/100)"* x 10"9% (E o Gpa, a1 woyvet yia 0, <100 MPa, Hoek & Brown, 1998)

Aapfdvovrag v GYn ®al Ta amoteAEopata T OORYN|S ONUELURIE (POQTIONS TTOU TOWYLUTOTOWOUNE 08
avaurpoomevTiAd delypata, extynioapue 1o pérgo mopapsopmong E mwou divetar otov Iivaxa 2, yua toug
OYNUATIOPOUS TOV PEAETOULE, RUTAE IfHOG TS O1j0ayYaC.

Stov [Mivaxa 3 divetal ovvormmxd ovyxortua] ootk tawvépmon faom tov pedédov RMR xau GSI, zatd
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YEWLOYIAO TYNIOTIONS GOV PTOROTY Vit HLayVOaToUY oL aoBEVESTEQOL OYNUOTIONOL.

LYZHTHEIH TQN AITIOTEAEEMATQN

Zuyrpivovrag T aotehéopata Tov o nebéduv yia tovg didgpopovg oyiuaTiopolc, mov didovral atov
[Mivaxa 3, gaivetan 6110 £000g Tov Ty GSI eivo o TEQLoELopPEvo and To £pog Twv Ty RMR divovrag
ETOL O AETTOPEQT (L OUYHOGVINE TO QECAOTIZY TEQLYOUEY TWV TOUYRaTROY ouvirov towdmtag te poa-
yopdtag. ToroBetwvrag Tig tpés RMR saw GSI (;ov exnpuninroy ward inijxoc me ofoayyas. one (0eS yihio-
peToireg DEoeig) oe didypappa ovoygtiaong mpoxuntet 1 oggon GSI = 0.585RMR + 14,46 pe ovvreheoni ov-
oyétione R? =092 (Ew.3).

Zop@vae pe Y Taoamave epmelpu oxfon, ot tpég GSI zar RMR tavtiovrar yua mroyig moidmrag
poayopdCa, ota dpia Twv koemyooudy IV — ITT (GSI = RMR = 35). H rapasmdvo epmeiown] oyfon extynitnue
amd PETENOELS TOV Toaypatoronjinzay 1600 08 ogelobizd 600 xot o8 avBQURIAA TETPWIATA.

a) Loykpmikr peraPohd mpv RMR & GSI b) RMR-GSI

y = 0,585x% + 14 46
R*=09216

s =2

npte RMR - GS|
i
=4 B (=3

20 200 300 300 4200 4700 5200
Xihioperpicé omoaTdae

Eux. 3. Avayodppnara a) ovyxpitinfs perafoirjs xar b) ovoyeérions tov tiugv RMR xar GSI, »ard pijxoc tie
oijpayyag tov llAaraudva.
Fig. 3. Diagrams of a) comparable change and b) correlation of RMR and GSI values along the tunnel

Me Bdon ta anoteléopate TV dU0 THEATAVE TEEIVOUMOE®Y, 0 OYNUATIONGS TV ogelohibwy otig
X.0.2+540-24870 o X.0.3+500-3+550 cwonrtel avEnpéva pétoa vrootiolEng. 10 CUUTEQUONE QTS AOTC-
Mjyouv xau ot dvo TaEvopijoeig. Ot opetéhibor otig X.0.4+200-4+350 zow X.0. 4+830-4 4900 arxcartoiv woyv-
pOTEQU PETPM VITOOTIELENS olppwva je ) péBodo RMR, eva oL aofeotdhbol mov Poiorovrar otig X.0.3+680,
X.©.3+900-4+000, X.0.4400, X.0.44580-4+700 (oxvorowparddne aopeoréhbog), X.0.4+750-4+830,
X.0.4+900-5+100 dev yoevdlovrar dueon vrootiolEn olpguva xal pe g dto pebédove. IMeploadrepo avEn-
névn vroomeiEn ovpgpova pe ™ pédodo GSI amartoiv ot aofeatéhibol Tov Béoemv X.0.2+900-3+000 =
X.0.3+300-3+500. AvtiBeta, ovpgpove pe ™ pébodog RMR o aofeotoMbunds Gyrog me Oéong X.©.4+4350-
4+500 axatel oyvpdTepn vrooTioEn).

LYMIIEPAEMATA

H ntepuoy ms ofjoayyag tov Mhatupdva arnoteheitar and ogedhiboug enwbnuévoug tdvo oto Toladuro-
Tovpaoud aviparind meTowpata Tou kaAdppatog mg IMehayoviriis Covne. H anpayya duameovd ogeloidi-
#olig oynuatiopoils, Konudws aopeotohibo, ihijpata tov Neoyevols, oynpuaniopois 1ov ogetokbixot piypa-
106, Towadotovpaoinois aopectéibous Tov avBparixol ruhipparog g Mehayoviric Lovng, oynuatiopotc
oeloAiBov enwbnpévav exdve otov Tayvotpwpatnd aofeoréibo mg [Mehayovinic Lavne.

O yeoteyvixég taEvopjoeis mg foayopdias olpgmva e m pébodo tov RMR (Beniawski,1976) xau pe m)
uéBodo tov Aelxtn F'ewhoyunis Avioypic (GSI, Hoek et al, 1998) €detEay nmg 0 oynpotiopds tmwv o@eiohibwy
omantel avEnpéva pétpa vroonipiEng otg X.0.2+540-2+870 »ow X.©.3+500-3+550, evd) o Béoeig Tou ayu-
orpwparmdovs aofeotéMBov dev ararroty dueon vroonjoEn. Ioyver vroomjoiEn olpgwva pe ™ pébodo
RMR anaitotv ol ogeidhifor otig X.0.4+200-4+4350 xar X.0.4+830-4+900 »abaig »a 0 aopfeoréhbos mg
X.0.4+350-4+500. H pébodog tov Aeizm T'ewhoyunric Avroyric (GSI) mpoteiver toyvoGTeon vootijoiEn v
tovg aofeotéhbovs Twv X.0.2+900-300 xow X.0.3+300-3+500. Ou acfeordhibol mov dev yoerdlovran dpeon
vrooToiEn, olpgpova pe Tig do pefddove, Poloroviar ong X.0.3+680, X.0.3+900-4+000, X.©.4400,
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X.0.44580-4+700 (meguorompatddng aopeotéhbos), X.0.4+750-4+830, X.0.4+900-5+100.

TuyroivovTag Tig TES Tov o neBGdwv mporinter 6t ow Tpeg GSI Exovy urEGTEQED EUQ0S GIT6 TIg THES
RMR pe amotéheopa 1) péBodog tov Aeixm Fewhoyuuic Avioyrc va diVeL Lo AETTOpERY] ®aL O QEaMOTLA]
TEQLYOUY] TV IOy LTIV ouvENrdY ™ Pooyopdlag yeyovos mou aviavarhd xaL 0T LETTOUEQEOTED TE-
oLyOUP] TWV PHETEWY VTOOTHOENS. ZUPPUVE IE Tt ATOTEAECHATH TG EQEVVL 1] petaforn Tov Tipwy RMR zau
GSI opitetal amé ) oyéon GSI = 0,585RMR + 14,46 epgaviCovrag onpoviuntj ovoyEnon, R* =0,92.

EYXAPIZTIEZ

Evyapiotoipe v EPTOZE yia ta otoyeia mov pog di€0eoe, to omofa agoloyioapue wardhnha pe otéyo
mv eEayyr] YOOIV CUPTEQUOUGTOV.
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CONDITION OF THE SEA WALL AT FARM COVE, AUSTRALIA
D. DRAGOVICH'

ABSTRACT

The history and present condition of the sandstone sea wall at Farm Cove, are described. The wall has
cultural and historical significance and forms the seaward margin of land reclaimed for the Royal Botanic Gar-
dens over the period from 1849 to 1879. The landward fill reaches to high tide mark and the wall extends about
a further metre above this level. Both stones and mortar are subject to very active salt weathering. Maintenance
has involved block replacement, repointing, cementing over numerous lower course blocks, use of epoxy ce-
ment, and infilling of weathered surfaces. Pitting/hollowing is most frequent in the top course of stones. Past
unsympathetic repairs include use of a weatherable reddish sandstone, and sawn blocks of durable pale sand-
stone.

KEY WORDS: sandstone, sea wall, heritage conservation

1. INTRODUCTION

The sea wall at Farm Cove forms part of the Royal Botanic Gardens and associated public space in Sydney,
Australia. The wall has historical and cultural significance due to its association with the development of Sydney
and the Royal Botanic Gardens in the 19th century. As noted by Wilson (1991), the scale and quality of design of
the sea wall and its use of local materials make it unique among various early reclamation projects. Its impor-
tance to the Royal Botanic Gardens and its sound construction have resulted in it remaining mostly intact.
Because the sea wall was built of sandstone blocks which were placed in in a salt-exposed environment, repair
and maintenance of the wall has been undertaken at various times, with the most recent work being completed
in 2000.

Farm Cove is a small sheltered inlet which was used as anchorage for sailing vessels in the 19th century and
formed a site of early European settlement. Part of the area at the head of the Cove was cultivated for food crops
- the “Governor’s kitchen garden” - and this later became part of the Royal Botanic Gardens. The wall extends
beyond the Gardens proper to Mrs Macquaries Point within the Domain, an adjacent area of public parkland.

In 1848 Charles Moore was appointed Director of the Royal Botanic Gardens and he proposed that inter-
tidal flats be reclaimed for the Gardens. The following outline of the sea wall project is based mainly on informa-
tion presented by Gilbert (1986) and Wilson (1990). Before the sea wall was constructed, progressive reclama-
tion was effected by building a dyke and then infilling the landward side. The dyke would then provide the base
for a stone wall. This process was undertaken in various sections around the Cove and at different times (Figure
1). At first it seems that refuse was included in the landfill but after about 1855 much of the infill was comprised
of silt that had been deposited by the Tank Stream into the neighbouring inlet of Sydney Cove. The silt was
transferred in barges and the saline sediment later manured to form part of the Lower Garden. However at
certain times barge sediment was being deposited without the protection of a dyke, and infill was lost by tidal
action. The sea wall itself was built slowly. Initially Moore had requested permission to re-use stone from demol-
ished remains of Old Government House but the Governor refused. Moore continued to seek funding to main-
tain work on the reclamation project. Eventually Edward Moriarty of the Department of Public Works planned
the most seaward dyke, completed in 1869, on which the final sea wall was constructed. On completion of this
wall was removed. The outer wall, which became known as the “Thirty Years Wall”, was finally completed in
1879.

2. THE SEA WALL

The sea wall is constructed of sandstone blocks with mortar-filled joints. In cross section, the lowest blocks
are set on boulders and gravel, with the base block being approximately 1.4 metres wide (McBean and Crisp,
1990). Resting on the footing course are four usually 80-cm wide blocks, with the third of these extending just

L. University of Sydney, Geography F09, Sydney 2006, Australia.
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above high water mark. A further two courses of blocks rise above this; the upper-most block has a width of
approximately 60cm. The lowest three courses contain stones that are about 60cm high, with the upper three
courses being between 30cm and 40cm high. The clay, silt and gravel infill behind the wall extends to the high
water mark, so the wall generally has a height of about 1 metre above the infill. This infill is now sealed by a wide
bituminised pathway. Drainage slots have been provided at numerous intervals along the wall, in order to allow
runoff from the surrounding higher ground to drain into Farm Cove as well as ensuring that scawater from over-
topping storm waves is not trapped behind the wall. During storms and high tides seawater also enters the
reclaimed area directly through the drainage slots. Despite potential ground settling and instability from the
mixed nature of infill materials, the wall is structurally sound.

Mrs Macquaries Point

N
Sydney
¥
——— 1840 (natural coastline)

e o ——— 1858
..................... R 1866
S— 110

()< artificial 2 S

f lake

Fig.1. Location of Farm Cove, showing successive reclamation since 1849 (based on Wilson, 1990), and the
location of Sites A, B and C of this study.

3. NATURE OF STONE

All blocks are sandstone, with the majority being the Triassic Hawkesbury sandstone found throughout the
Sydney Basin. This rock is a fine- to coarse-grained sandstone with varying ratios of quartz to clay matrix. The
high quality “yellow block™ variety has been used extensively for major public buildings. Once this stone is cut it
develops a mellow yellow-brown colour. At Farm Cove most of the sandstone is not yellow block but a strongly
siliceous, medium- to coarse-grained variety with a quartz content of 70-80% and clay of 8-14%. This stone is
durable because of its secondary quartz cement. Following exposure, it remains close to its quarried colours of
white, grey or pale yellow (Franklin, 2000). The inner-city quarries from which this stone was derived have long
since been closed, creating difficulties in identifying suitable replacement stone.

The wall is constructed of a single row of stone blocks which are all about 60cm thick in the exposed, above-
water sections. Block lengths are variable, with some stones up to 160cm long. The height of individual blocks
also varies, from about 21cm to 60cm. Towards Mrs Macquaries Point the wall has only two courses above the
bitumenised walkway surmounting the infill, with the top course being an average 22em high and the lower
course about 40cm high. Only 10cm or so of the next course is visible above the walkway surface.

The top course of stone has a triangular cross section on its upper surface. The main face of each stone has
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a convex shape with a rough rock-faced finish; margins are chisel-draughted. Other courses are similarly margined
and finished on the main face. Joints are infilled with mortar. In places where joints and adjacent stones are
relatively unweathered. joints are approximately 6mm to 12mm wide. Additional mortar has been used where
weathered rock occurs adjacent to joints, with mortar-covered arcas in these cases exceeding 10cm in width.
Tool marks are common on the central rough rock finish section of each block, and some marks have been
enlarged by weathering. Many blocks have a central (surface) hole that was used when hoisting the stones into
place.

4. WEATHERING ENVIRONMENT

Sydney is located on the coast in a warm temperate climate. Annual rainfall averages 1222 mm, with a
uniform seasonal distribution showing a slight maximum in autumn. Mean maximum and minimum tempera-
tures in summer (December, January, February) are 25.5°C and 18.2°C respectively. Winter temperatures have
a mean maximum of 16.9°C and a minimum of 8.7°C. Due to the coastal location, frosts are absent and the
lowest temperature recorded is 2.1°C (Australia, Bureau of Meteorology, 2001).

In terms of stone deterioration, the weathering environment of the sea wall is dominated by salt input and its
consequent acceleration of stone decay. The tidal range is approximately 2 metres, with high water mark being
about 1 metre below the top of the sea wall. With strong winds and waves, sea water can over-top the wall and be
deposited directly on stonework. At other times wind carries spray and (salt) aerosols, delivering saline solu-
tions to the wall. A high number of daily sunshine hours - 6.8 hours on average - ensures rapid evaporation of salt
solutions, resulting in frequent crystallisation/ solution cycles.

Salt weathering has led to uneven and significant surface recession, round-edged hollowing, small-scale
pitting, and honeycombing. Salt has affected both the stone and the mortar. Because of the substantial hollow-
ing of stones and serious loss of mortar, various repairs have been carried out on the wall.

5. NATURE OF REPAIR WORK
Stone

Individual stone blocks have been replaced at different times, although the most substantial repairs were
carried out in the late 1980s and in the late 1990s. Stones in the top course are relatively easy to replace because
they are accessible and their removal does not affect structural stability. However stones in the lower courses
can only be replaced by removing stones above them, necessitating more major associated work for replace-
ment.

Selection of replacement stone should ideally take into account both durability and colour. Most of the
original blocks are pale buff to yellow in colour, with replacement blocks also being variable in colour. Local
banded sandstones have generally been avoided as they often have low durability in coastal environments. Even
so, major block-by-block variations in durability occur in local sandstones when stone is purchased in “quarry
runs” rather than on an individual block basis. Earlier repairs allowed for replacement of original stone with a
weatherable reddish sandstone (from Queensland) whose colouring is not in accord with that of the overall
structure; rapid deterioration of this stone has been documented over periods as short as a decade. Stone finish
is now standardised to convex rough rock faces and chiselled margins.

Mortar

The original lime mortar used in joints has needed repair. Mortars and epoxy cement of varying quality have
been used to infill hollows weathered in the stone, to coat the exposed top surface of the uppermost course of
stones, to repoint between blocks, and in some cases to re-coat entire faces of weathered stone. Because sand-
stone in the sea wall is relatively permeable once weathered, the most recent repairs had a stipulation that the
mortar employed be more permeable than the stone and that specified proportions of cement, lime and sand be
utilised (Tender Document, extract, no date). Older replacement mortar often persisted longer than the stones
it surrounded, suggesting that it behaved as a relatively impermeable material which concentrated moisture
along the permeable/ impermeable boundary, to the detriment of the stone.

Numerous stones in the lowest course of the wall on the western side of Farm Cove have been cement-
coated. Many of the blocks had deteriorated badly, showing hollowing and honeycombing before being repaired
in this way (some photographs of the pre-repair condition are presented in McBean and Crisp, 1990). The
lowest course is vulnerable to moisture effects involving salt, as runoff would dissolve oceanic salts and it is likely
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that salts may also be derived from the infill sediments. In addition, occasional seawater incursions through
drainage slots add to the salt load.

Cement/mortar coatings, usually less than lem thick, appear in some sections on the top surface of the
uppermost course. Where this coating has deteriorated and exposed the underlying stone, the rock surface
appears to be uneven but not excessively pitted. Wide re-pointing has been undertaken between many of the
older blocks. Mortar extends over the stone margins, probably to infill previous pitting or surface loss. Joints
between new blocks are narrower and pointing is correspondingly thinner.

6. CURRENT CONDITION

The most severely weathered stones have been either removed and replaced. or cemented over. Less af-
fected stones may have remained untreated. Existing weathering features therefore include both inherited and
post-maintenance examples. Planning Australia Workshop (1998) lists a total of 172 stones for replacement, 163
of which were located in the lower course of sections with a three-stone course. The high replacement rate in this
course was thought to result from unsatisfactory treatment undertaken in previous maintenance work, along
with the strong exposure of this course to seawater.

Stone and mortar condition were examined for this study at three positions on the sea wall. At each site
observations were made on a short section incorporating ten top-course stones and all stones in the courses
below. One site was located on the western side (Site A), one at the head of the Cove (Site B), and the third in
the Domain on the eastern side of the Cove (Site C) (Figure 1).

The presence of pitting, hollowing, honeycombing and general surface reduction was recorded, along with
stone colour. The term “pitting” described pits that were usually between 10 and 20mm deep, and mostly with
well-defined edges. “Hollowing” referred to round-edged, shallow and wider depressions on rock faces. As pits
graded into hollows, making categorisation uncertain, results are listed for pits/hollows in one group and honey-
combs in the other. The condition of all stones was described for their landward faces only. In addition, the
presence of dark reddish replacement blocks with visible bedding was noted.

The use of cement-coatings on stones was taken to indicate substantially weathered surfaces. At Site A, all
ten of the lower course stones were cement-covered (Table 1), a result consistent with the stone course de-
scribed by Planning Australia Workshop (1998) as the most vulnerable to salt effects. At Site B, four of the ten
top-course stones had a cement coating either on the top surface or face; only one stone in the lower course was
cement-covered. At Site C a higher proportion of all stones were relatively recent replacements and cement

repairs had-not heen made. Total Cement-covered
Site A Top 10 0
Middle 9 0

Lower 10 10

Site B Top 10 4
Middle 11 0

Lower 10 1

Site C Top 10 0]

Lower 11 0

Table 1. Number of cement-covered stones on sea wall at Sites A, B and C.

Many stones are insufficiently weathered to warrant replacement or cement-coating but do show pitting or
hollowing (Figure 2). Pitting/hollowing was most evident at Site A, where all stones in the top course were
affected and six stones in the middle course (Figure 3). Five of the cement-covered blocks in the lower course
showed fretting/pitting. At Site B, eight of the middle course stones were pitted/hollowed, along with others in
the top and lower courses. Nine of the ten stones in the top course at Site C had pitting/hollowing. The lower
course at Site C was artificially pitted with tool marks from stone working but a number of these marks seemed
to show enlargement from weathering. In total, pitting/ hollowing was most evident in the top course of stones
(Figure 3) with more than 80% of stones affected.
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Fig.2. Cement-coated block in top course, pitting in middle course, and surface recession of reddish sandstone in
lower course. Wide re-pointing has been used to cover weathering.

Some pitting appeared to be located at points or lines of weakness within the rock. Other apparently random
distributions were probably initiated by tool marks. On many of the blocks in the uppermost courses at Sites A
and C, lines of very small pits along the top section of the face suggested that preferential salt deposition oc-
curred on the upper surface of the convexly-protruding rough rock face. At Site C these pits occurred both along
the top and sometimes the bottom junctions, but rarely along the vertically-oriented side junctions. Both micro-
locations allowed for preferential deposition (top) or retention (bottom) of salt transported to the rock surface.
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Fig.3. Percentage of stones with pitting/hollowing in the top, middle and lower courses at Sites A, B and C at
Farm Cove.

Surfaces were described as having honeycombs only where a lattice-work of relatively sharp-edged pits had
developed. Only five examples were noted, four at Site A and the fifth at Site C. Multiple pits which did not form
part of a lattice-work, were not linked in a linear (bedding plane) pattern, and were not separated by relatively
sharp-edged cell walls were classed as pitting features. Some of the hollowing recorded may have represented
weathered and previously honeycombed surfaces.

On-going maintenance and repairs have meant that investigation of possible effects of aspect could not be
carried out. Although some differential input of salts from prevailing winds may occur, the general salt loading
on the wall is extreme in all positions. Current weathering condition seems strongly related to variations in the
durability of both original and replacement blocks. The dark reddish bedded sandstone used as a replacement
stone is unsuitable in relation to both colour and weatherability criteria. Strong etching and sometimes linear
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pitting develops along the bedding planes, accelerating surface retreat. The stone is a conspicuously different
colour from the variatiants of white, grey and vellow which constitute most of the wall. Once they require re-
placement, these reddish sandstone blocks will be substituted with grey or pale yellow stone of greater durability.

7. CONCLUSION

Repair and maintenance work on the sea wall at Farm Cove now takes into account the cultural and histori-
cal significance of a structure located in an area with high salt load and intense weathering. Major recent work
has involved block replacement and repair, with the remaining pitted/hollowed blocks being generally in the
uppermost or middle course. Durability of original and replacement blocks is variable and visible deterioration
can occur within ten years. In the longer term, previously replaced blocks which are unsympathetic to the ap-
pearance of the main structure due to their colour or form of preparation will be removed.
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TUNNELLING IN LIMESTONE TERRAIN: THE NEED
OF THE KNOWLEDGE OF THE HYDROGEOLOGICAL MODEL
P.G. MARINOS'

ABSTRACT

Although limestone and most carbonate rocks exhibit good geotechnical behavior, when karstic, they may
induce hazards during tunnelling operations, which may evolve into huge problems. Groundwater is the main
source of problems and so is the crossing of voids and caverns, empty, aquiferous or filled. In order to estimate
the probability of encountering such conditions and be prepared to face them, a thorough hydrogeological study
should complement the traditional site investigation. This study has to consider a broader area embracing the
whole hydrogeological basin of the karstic aquifer with background knowledge of the tectonic and paleogeographic
evolution. In this paper a series of hydrogeological models are discussed depending on the internal karstic
geometry of the aquifer and the position of the tunnel, either in the transfer or the inundation zone. Each model
is associated with its own tunnelling particularities in terms of hazards and countermeasures. A discussion on
the solutions to be engineered in order to cross big karstic cavities is presented.

KEY WORDS: Tunnels, limestone, karst, hydrogeological model.

1. INTRODUCTION

Groundwater is often the main source of problems in tunnel construction associated with stability and safety
issues. Groundwater control during both construction and operation of the tunnel is one of the most challenging
problems faced by tunnel designers and contractors. Drainage facilities from the headings may be required and
when the necessary invert grades are not available, the additional trouble and expense of pumping are unavoid-
able. Water can affect roof and face stability and in appreciable quantity will impede construction. If the host
ground is soft and prone to erosion the risk is further increased.

Seepages, or leakages, into underground works from the surrounding aquifer can also affect the surrounding
ground and adjacent facilities. Depending on local geology, hydrogeology and geotechnical parameters of the
material, a severe environmental impact may be expected. In the opposite case, i.e. when leakages from under-
ground works to the aquifer are possible, the hazard of groundwater contamination has to be considered.

The crossing of voids and caverns, empty, aquiferous or filled with erodable material causes difficulties and
the solutions that should be engineered, are often site specific.

Hence, although limestone and carbonate rocks in general exhibit a good geotechnical behavior, when karstic,
they may induce all the aforementioned problems in tunnelling operations’. Many large engineering projects
involving tunnels are currently under construction in countries where limestones are a very common geological
formation. The design of underground excavations in these materials requires knowledge of the geological and
hydrogeologic model in which these excavations are carried out.

2. INTERACTION WITH GROUNDWATER; GENERAL CONSIDERATIONS

The interaction of tunnelling with groundwater can be summarized as follows:

During construction

- Inflows of water in the underground space, affecting normal construction procedures and possibly induce
face and roof stability.

- Sudden inflows associated with specific and localized geological features, e.g. faults, crushed zones, big karstic
conduits etc.

- Decline in yields of springs, decrease of groundwater discharge to wells,

- Development of sinkholes in susceptible areas due to piping or internal erosion.

"IN THE FOLLOWING TEXT THE TERM LIMESTONE REFERS ALSO TO ALL CARBONATE ROCKS THAT UNDERGO

KARSTIFICATION
1. National Technical University of Athens, Faculty of Civil Engineering, Athens, 106 82, GREECE, marinos@central.ntua.gr
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- Acceleration of dissolution of soluble sediments (e.g. gypsum).

- Unacceptable settlements, where compressible fine-grained soils or heavily fractured rock masses are present,
due to the increase of effective stresses by lowering of the groundwater table.

- Temporary contamination of groundwater occurring at lower elevations, by infiltration of polluting sub-
stances used for the construction,

During operation

- Infiltration of used chemically and organically contaminated waters from road or rail tunnels can affect the
quality of the groundwater if the tunnels are crossing the unsaturated zone.

- Rise of piezometric levels by the obstruction of groundwater flow by lined tunnels; the rise is effective when
the tunnel is located at a shallow depth under a shallow water table and can affect the built environment
(foundation, basements) and/or mobilize contaminants in case of saturation.

- Influence of the hydrostatic head on the lining of the tunnel.

- Tunnel collapse by wide fluctuation in hydrostatic pressure associated with normal operation of hydraulic
unlined tunnels.

- In the case of water conveyance tunnels with lining deficiencies, the relation between the head of the waters
flowing in the tunnel and the head of the surrounding aquifer can cause:

- Inflow of eventually polluted waters in the tunnel and/or development of all the related and abovementioned
risks (internal head lower than the head of the aquifer). Underground excavations containing fluids such as
petroleum products at near-atmospheric pressures can be left unlined if the rock quality is high and if the
excavation is below the water table since the fluids are contained by inward seepage of groundwater

- leakages from sewer tunnels can contaminate the surrounding aquifer (interior head higher than head of the
aquifer); leakage is a major concern when tunnels carry high-pressure water with toxic ingredients. Such
fluids must be contained by an impervious liner.

3. INVESTIGATION

Particularities in karstic rock masses

The particular or even unique hydrogeological features in a karstic environment demand special attention,
as there is an increased risk for water inflows and for environmental problems. Tunnelling in limestone terrain
may thus be a challenge for both geologists and engineers owing to:

- high coefficient of infiltration from meteoric water.

- very high permeability; often non linear underground flow.

- preservation of high values of permeability at greater depths.

- potential of development of large hydrogeological basins, which may extend far beyond the boundaries of
the corresponding geographic - hydrological basins of the considered area, involving, thus, greater quantities
of groundwater.

- development of a non uniform, heterogencous pattern of flow paths; depending on the post-tectonic and
paleogeographic evolution of the area, preferential flow conduits and karstic tubes could be developed with
a capacity to transmit water at large discharge rates; these conduits drain the surrounding jointed or finely
fractured rock mass of low or medium permeability.

- groundwater flow in a flooding manner throughout the transfer (“unsaturated”) zone.

- potential crossing of large underground cavities filled eventually with earth materials, with the possibility
also to carry a column of perched ground water.

4. POTENTIAL HYDROGEOLOGICAL MODELS TO BE ENCOUNTERED

During the first stage of investigation in a limestone terrain it is crucial to understand the karstic pattern
around the tunnel by means of a detailed hydrogeological study’. Such hydrogeological study should include a
paleogeographic evaluation of vertical movements and changes of the geographic base level related to past
locations of springs, in order to assess the depth of karstification inside the limestone mountain and the geom-
etry of the karstic base level. This level is not necessarily restricted at the present elevation of the surficial
springs. Thus, the geological reconnaissance in a broader area is a prerequisite for the investigation regarding
tunnelling in karstic terrain.

Dye tracing testing and follow up of the route of major underground flow axes, i.e. between sinkholes (ponors)
and springs, greatly assists the understanding of the delay of underground flow and is thus elucidating as to the
presence of potential branching of the large karstic conduits or a general dispersion of flow to several directions.
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Table 1: Potential hydrogeological models in limestone environment. Note that in some cases (e.g. platform karst)
the inundation zone may be insignificant or transient. Carbonate rocks with substantial primary porosity can be
considered of the finely jointed type presented in this table. Few climatic type of karstification may produce
patterns different from those above.

TUNNELING IN LIMESTONES - GROUND WATER CONDITIONS

Non karstic Karstic limestones
limestones
Permeability Permeability due to karstic
as for jointed conduits interconnected
rock mass with fractures and joints
Case | Case 2
Tunnel in Tunnel below Tunnel below Tunnel above
unsaturated base level of base level of
water table . : 3 .
zone karstification karstification
Model A Model B Case 2.1 Case 2.2
T
Subsurface flow mainly Subsurface flow through a dense
through preferential interconnected system of enlarged
karstic tubes and conduits joints and karstic fractures
Case 2.2.1 Case 2.2.2
Tunnel in the Tunnel in the Tunnel in the Tunnel in the
transfer zone inundation zone transfer zone inundation zone
Model C Model D Model E Model F

In this same rationale, the study of the distribution and the hydrographs of springs is always the most reliable
tool for understanding the internal structure and geometry of a karstic aquifer, since it reflects the hydrodynam-
ics of the interior of the karstic mass.

The question of whether concentrated or dispersed inflows are to be expected is of great concern since the
former may threaten tunnelling operations. A detailed structural analysis of the hydrogeologic basin will define
zones of possibly very high permeability (i.e. faults, or systematic bending zones).

Finally, the position of groundwater levels and fluctuations in the investigative boreholes, must be recorded
at all times since they reflect the thansmissivity of the whole karstic mass. In the case of tunnelling in mountain-
ous areas, pumping tests from wells, even if feasible, are not as helpful as for tunnels in low relief terrain. In
those cases, packer tests restricted in the zone around the tunnel controlling the inflows, is a common practice.

Table 1 intends to provide the main hydrogeological models in a limestone environment. The answer on the
most probable model to be crossed will facilitate the appropriate design of the tunnel and the provision of the
methods and equipment necessary to face the hazards associated with the karstic conditions to be encountered
(Marinos, 2001).

Case 1: Groundwater issues are considered as for a jointed or fractured rock mass. Permeability is generally
low and decreases dramatically with depth. Exceptions may occur in fault zones.

- Model A: Tunnel will cross a completely dry limestone mass; no risk for floods

* The reader can get insight on karstic processes in some excellent recent review publications (Breznik, 1998, Milanovil, 2000 and White,
1999).
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Base level of
karstification

Fig.1 Case I and Case 2.1. G.W. Groundwater piezometric level surface

- Model B: Tunnel will encounter medium to insignificant flow, depending on the frequency and aperture of
joints or fractures.

Case 2: Dramatic difference in behavior compared with other aquiferous media; presence of high
permeabilities, large discharges.

- Case 2.1: The rock mass surrounding the tunnel has never been exposed to underground erosion due to the
palcogeographic evolution of the area or its isolation from infiltration and flow to outlets. In low relief morphol-
ogy, the past geographic base level of the area to be crossed has never been lower than that of the tunnel.
However in large mountainous masses the interior of the mountain could have escaped karstification and the
base level of karst lies at much higher elevations than the present level of the springs. Tunnels with such condi-
tions will comply with either model A or B (Fig.1).

- Case 2.2: The size of the problems and risks depend on the internal geometry of the karstic system. Two
options are possible:

- Case 2.2.1 when the underground flow is mainly concentrated and governed by distinct preferential large
karstic tubes and conduits or,

- Case 2.2.2: when flow is guided by a more homogeneous interconnected system of karstic fractures and
enlarged joints. The latter is usually the case of well-bedded limestone in areas characterized by a long lasting
persistence of an extended flat geographic base level. The former is often the case where continuous downward
underground erosion persists as the geographic base level was progressing towards lower elevations or where
the lowest geographic level was restricted to a confined zone.

Model C: The tunnel is in the transfer zone of a selectively highly karstified mass. It will cross dry limestones
but if located at depth the hazard for personnel and equipment from sudden inrushes and flooding will be high
when storms occur in the catchment area. The stability of the tunnel might also be endangered. Erosion of loose
filling material may result to a mudflow into the tunnel. Probing ahead should be a common practice. Contami-
nation of the underlying “water table” is a real risk (Fig. 2).

Fig. 2 Case 2.2.1. (Model C) Case 2.2.1. (Model D)

Model D: The tunnel is in the inundation zone and will drain moderate quantities of ground water between
karstic conduits (D1). These quantities are fed by water stored in fractures between these conduits. Upon en-
counter of the conduits (D2), considerable increase of inflow will be experienced and violent inrush or flooding
of the tunnel cannot be excluded. Probing ahead during construction is an absolute need (Fig.2). Predrainage
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Figure 3: Estimation of water inflow in a 10 m diameter tunnel for steady flow condition. This graph can be
applied in the inundation zone of a limestone aquifer for estimating maximum values before transient flow is
established and in sections between two main karstic conduits. It does not apply to discharges through the
conduits themselves. These conduits may recharge their fractured-jointed limestone environment simulating

steady flow conditions.

techniques with site-specific character should be applied in order to assist the crossing of the conduit. A quasi-
permanent drainage of the karstic aquifer will last almost all of the construction period. The water resources of
the area will be affected. Ground water discharges from the limestone mass between karstic conduits can be
approached by the graph of Fig. 3. This estimation does not apply for the discharges of the conduits themselves.

Model E: The tunnel is in the transfer zone of a dense interconnected system of slightly karstified joints and
fractures of moderate aperture (Fig.4). It will cross a mass with dripping waters or small amounts of transient
water during wet periods. There is no risk for floods as the infiltration is widely dispersed inside the karstic mass.

Model F: The tunnel, being in the inundation zone, will drain, almost permanently significant or very signifi-
cant quantities of ground waters during the construction, imposing the need for appropriate draining equip-
ment. Violent inrushes should be restricted (Fig.4). An estimation of the transient discharge is given in Fig 5.
Special design arrangements are to be implemented (i.e. diversion of waters to the sides of the tunnel). A drain-
age umbrella in front of the face should_reduce the head and control inflows during the excavation (Fig. 6).
Stability problems may occur only if the limestone is brecciated. Groundwater resources can be seriously af-
fected.

5. CONFRONTING THE PROBLEM OF WATERS

Groundwater in tunnelling can be faced mainly with the following generally regarded operations (general
information can be obtained from Anonymous, 1992 and Bauer, 1994):
- lowering groundwater level by controlled drainage or dewatering via pumping, thus reducing both head of

water pressure and discharge into the tunnel
- grouting

Methods such as freezing, ground control by slurry, compressed air or earth pressure balance boring machines
cannot be applied in highly permeable karstic limestone. Usually, drainage is more effective and often cheaper
than any other operation. Pre-drainage prior to tunnel construction is probably the most commonly used water
control method. The technique basically involves the lowering of the water table by drilling a series of wells or
boreholes at either side of the projected tunnel. Drainage can be achieved from within the tunnel itself when
dewatering from the surface is impossible. This can be done through drain holes from the face or from a long
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Fig. 4 Case 2.2.2. (Model E) Case 2.2.2. (Model F)

systematic drainage umbrella embracing the tunnel (Fig. 6), or even though the construction of small side pilot
rainage galleries.

In the case of grouting in limestone, the primary goal is to reduce permeability. Modern practice is to drill a
360° array of grouting holes forwarded sub horizontally, then last out and seal a section of tunnel inside this
completed grout curtain. This also largely deals with the hazard of catastrophic inrush, i.e. a flooded cavity
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Fig. 5 Estimation of transient discharge parmeability (misec)

should be first encountered by a narrow bore drill hole that can be sealed off quickly. Grouting anyhow is
difficult in large openings or under high pressure of water.

Dewatering can have undesired side effects on adjacent properties, the tunnel itself and the environment,

such as (see also Powers, 1985):

- ground settlement due to consolidation of compressible soils filling big karstic cavities up to the surface as
an effect of increased effective stresses from water table lowering. Fortunately, such ground settlement can-
not take place when limestones cover the ground as the rock is not compressible

- development of sinkholes

- depletion of adjacent groundwater and/or surface water supplies

- salt water intrusion

- expansion of contamination plumes
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Figure 6: Driving a tunnel through an important water bearing zone with predrainage through embracing
drainage umbrellas (sketch from “Geodata”, Torino, personal communication).

- release of contaminated water into the environment

6. GEOTECHNICAL ISSUES WHEN TUNNELLING IN LIMESTONE ROCK MASS

The rock mass itself

With the exception of the problem associated with the karstic characteristics, limestone and all other car-
bonate rocks in general, exhibit a good geotechnical behavior and a friendly tunnelling response. They exhibit
reasonably good resistance to drilling or boring with reduced wear of excavation tools. The strength of a lime-
stone rockmass can never reach low levels such as those of a squeezing ground, even when brecciated. Lime-
stone breccias always exhibit good frictional values; however, support is sometime necessary with light steel sets
or lattice girders, beyond rock_bolts and shotcrete.

From another point of view, when the rock is at great depths or under high horizontal stresses, it cannot

generate typical bursting instability, as is the case of
hard rocks, since it is not a brittle material . Any mild
spalling problems in tunnels can be satisfactorily coped
with rock bolting and reinforced shotcrete.

The case of voids and karstic caverns

The meeting of caverns and big karstic conduits
may be associated with the following problems, often
very difficult to overcome:

- bridging the void, if empty
- tunnelling through a geotechnically weak fill ma-
terial
- confronting water inrush associated with mud flow
) N o if the void is water bearing and filled partially or
Figure 7: Typical appearance of a small karstic void totally with earth materials (as discussed earlier).

t

partially filled with clay and silt; Dodoni tunnel, In the case of urban tunnels with a thin cover, the
northwestern Greece, 2000. occurrence of these voids can effectively be investigated

with a drilling program assisted by geophysical testing. In most shallow depths the georadar can give reliable
information. In deeper levels cross-hole tomography could be the best choice. In tunnels close to the surface an
associated risk is the collapse of an adjacent cavern after an earthquake; filling these voids prior to the comple-

* In terms of mechanical properties typical bursting situation can usually be met in hard, strong and brittle rock, e.g. having an unconfined
compressive strength higher than 100 MPa and a modulus of deformation greater than 4 GPa.
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tion of the tunnel is an additional task to be undertaken. In the case of deep tunnel through a mountain and
given there are clear indications that such cavities are present, the only reliable method is probing ahead, as was
previously mentioned.

The Dodoni tunnel in northern Greece, with a length of 3.3 km and 12 m in diameter, is currently (fall -
winter 2000) being driven in a limestone sequence with well developed bedding and possible local intercalations
of siltstones or cherts a few cm or dm of thickness. The limestone encountered so far has behaved well and this
behavior is expected to continue. However, significant overbreaks have occurred at some locations and these
overbreaks were due to instability of the fill in karstic cavities (Fig. 7). Karstic solution features may indeed be
observed in outcrops on the surface of the mountain ridge crossed by the tunnel under a cover of at least 100 m.
These features indicate that karstic processes were active inside the limestone ridge.

Two major collapses occurred related to the presence of sinkholes at the surface with outcropping chimneys
almost 100 m of height. The voids were filied with clayey material and pieces of broken rock and were promi-
nently wet. The main collapse had a diameter of approximately 1.5 m in the tunnel and 3 m on the surface (Fig.
8), leading to 1200 m* of material falling into the tunnel.

In order to detect karstic cavities, pockets filled with soft and broken material, shear zones and gouge-filled
faults, it was recommended that routine probe drilling ahead of the tunnel face should be carried out (Hoek and
Marinos, 2000, experts’ unpublished report to “Egnatia Highway S.A.”). Typically, such probe holes are percus-
sion drilled using the normal jumbo. Ideally, the probe hole should always be kept one tunnel diameter ahead of
the advancing face and the most convenient way to achieve this is by drilling long holes (30 to 50 m) during
maintenance shifts or at weekends. As in all karstic voids, because of the irregular and unpredictable shape and
location of weak zones, it is recommended that at least three probe holes should be drilled from the face at 10,
12 and 2 o’clock positions. These holes are believed to have the highest probability of detecting the most danger-
ous zones. During drilling, a supervising geologist or engineer should be present and, together with the driller,
should watch for rapld chdngcs in drill penetration rates, nature of the chippings and color of the return drilling

i : water. An experienced driller will usually be able to
detect changes in the drill performance and to give a
reliable prediction of the nature of the ground ahead
of the face.

‘When a significant weak zone is detected additional
probe holes should be drilled to define the extent and
shape of the zone as accurately as possible. In excep-
tional cases, one or two cored holes may be required
to determine the nature of the filling material.

As a general rule grouting of the filling material
within the cavity is a primary consideration in order to
improve its cohesive strength. However, it has to be
realized that the effects of such grouting are highly un-
predictable, depending on the nature of the filling

C ' R materials.
Figure 8: Collapse of the filling of a karstic chimney The support measures to be used depend upon

crossed by Dodoni Tunnel. The collapse outcropped on the nature and the extent of the weak zone. When a

the surface about 100 m. over the tunnel. weak zone (e.g. a karstic cavity or a filled pocket of
limited extent) is to be dealt with, the use of forepoles to bridge the cavity should be considered. These forepoles
play an entirely different role from those used to pre-support the face in squeezing ground. Their function is to
form a roof over the tunnel through which the weak filling material of the cavity cannot pass. Hence, depending
on the volume of material to be supported, the forepoles should be reasonably light (say 75 mm diameter tubes)
and they should be as closely spaced as possible. They should also be long enough to ensure that they are
securely socketted in good limestone on either side of the cavity. The number of forepoles to be installed should
be limited to the number required to form an effective barrier under the cavity. It is not necessary to implement
a complete support system, with an extensive forepole umbrella and additional support measures, such as that
used in squeezing ground.

When the probe drilling detects a continuous feature of significant size, the approach has to be quite differ-
ent from that described above. In such a case, the rock mass on either side of the cavity will be most probably
weaker than the surrounding limestone and the zone may be 10 m thick or more, depending on the orientation
of the void. In such a case, it is prudent to implement the full forepoling solution, similar to that used in squeez-
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1. Forepoles — typically 75 or 114 mm diameter pipes,
12 m long installed every 8 m to create a 4 m overlap
between successive forepole umbrellas.

2. Shotcrete — applied immediately behind the face and
to the face, in cases where face stability is a problem.
Typically. this initial coat is 25 to 50 mm thick.

3. Grouted fiberglass dowels — Installed to reinforce the
rock immediately ahead of the face. These dowels are
usually 6 to 12 m long and are spacedona |l mx I m
grid.

4. Steel sets — Installed as close to the face as possible
and designed to support the forepole umbrella and the
stresses acting on the tunnel.

5. Invert struts — Installed to control floor heave and to
provide a footing for the steel sets.

6. Shotcrete — Typically steel fiber reinforced shotcrete
applied as soon as possible to embed the steel sets to
improve their lateral stability and also to create a
structural lining.

Direction of face advance

Figure 9: Full-face excavation through weak ground
under the protection of a forepole umbrella. The final

concrete lining is not included in this figure (Hoek, 7. Rockbolts as required. In very poor quality
2000). The method can be applied in cases of large ground it may be necessary to use self-drilling
karstic caverns or large chimneys filled with cohesive rockbolts in which a disposable bit is used and

is grouted into place with the bolt.

soil under substantial load. Note that it is not always 8. Invert lining — Either shotcrete or concrete
necessary to implement all the components shown in can be used, depending upon the end use of the tunnel
this figure.

ing ground (Fig. 9).

One further possibility needs to be considered and that is the case of a large empty karstic void. Such a void
will generally require bridging and backfilling. The nature of the backfill will depend on the location of the void
relative to perimeter of the tunnel. If water is associated with the void, drainage holes have to be foreseen as
described earlier (see also Fig. 6)

Encountering a vertical karst channel, which is the most common case in the transfer zone of the aquifer
(model C in Table 1), unpredictable concentrated water pressure may load the tunnel lining. In order to prevent
possible damage, forced drainage of the channel towards lower elevations has to be secured.

When tunnel boring machines (TBM) are to be used, local realignment of the tunnel axis in order to avoid
voids is not an option and usually a stoppage is imposed in order to backfill or bridge the void. If backfilling of
the karstic cavern should be carried out from within the tunnel care should be given not to obstruct the cutter
head with the concrete operations (Milanovic, 1996 and Marinos 2001). When naturally filled, the voids have to
be crossed by conventional tunnelling since the TBM, being usually of an open type, cannot bore the fill that
could ravel through the cutter head of the machine.

7.CONCLUSIONS

Tunnelling in karst terrain requires a thorough hydrogeological knowledge over a broader area. Lack of this
knowledge may result to a design, which will not be able to face problems, or hazards that may occur during
construction with probably dramatic consequences on the completion of the operation. Judgment and engi-
neered solutions should always assist any decision at all stages during design and construction.
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DANGEROUS SEISMOTECTONIC SITUATION FOR ANCIENT
AND MEDIAEVAL MONUMENTS IN SOFIA CITY (BULGARIA)
M. MATOVA'

ABSTRACT

Sofia city with its ancient and mediaeval monuments is situated in the Sofia graben. The neotectonic evolu-
tion of the graben and its surrounding horsts is considerable. The block fragmentation and the realized horizon-
tal and vertical block movements in the Sofia graben and the adjacent horsts are investigated geologically. The
number of the seismic events in the graben and the horsts is significant. The epicenters of the earthquakes are
concentrated along the main faults of the Sofia graben, the Vitosha and the Negushevo fault zones and the
Chepintsi fault. The seismic and the structural characteristics show the considerable activity of the Sofia graben
and the surrounding horsts. These seismotectonic conditions are dangerous for the ancient and mediaeval monu-
ments in the city.

KEY WORDS: Sofia graben, block fragmentation, seismic movements, monuments, seismotectonic danger.

1. INTRODUCTION

Sofia city (1 128 859 inhabitants according the data of the end of 1987) has a long-term evolution. The city is
attractive with its position on the crossings of important highways, with the mineral water springs, fertile lands,
healthy climate and the mountain’s surrounding. The old traces of the Thracians, the Hellenes, the Romans, the
Huns, the Bizantines, the Slavs, the Bulgarians and the Ottomans could be found in the territory of the city. The
periods of its prosperity and destruction are in often replacements.

The traces of the ancient city castle with impressive and wide walls, public and private buildings, the churches
“St. George” and “St. Sofia” mark its prosperity respectively during the 4" and the 6" centuries A.D. The medi-
aeval monuments, like the Boyana church (14" century), the Kremikovtsi (15" century) and the Seslavtsi (17
century) monasteries mark next stages of development

2. SEISMOTECTONIC NOTES

Sofia city is placed in the middle part of the Sofia graben and partially on the peripheries of the surrounding
horsts. The graben is of intensive Neogene-Quaternary development. The graben is limited by two longitudinal
faults, the Negushevo (NW-SE) and the Vitosha (NW-SE) fault zones (Fig. 1). The faults with NW-SE, NE-SW,
submeridional and subequatorial directions control the graben fragmentation which is remarkable.

The numerous blocks of various sizes participate in the vertical and horizontal movements. The vertical
displacements are relatively more considerable than the horizontal ones.

The vertical displacements mark the maximal values in the blocks of the contacts of the Sofia graben and
the surrounding horsts. The contrast block movements are relatively the most considerable in the blocks of the
contact between the graben’s middle part and the southern adjacent Vitosha horst.

The thermal mineral water springs are concentrated generally in the southern boundary of the graben -
mainly along the Vitosha fault zone. Some other springs are localized along the inner graben fault - the Chepintsi
one (NE-SW). The block displacements and the spatial distribution of the mineral water sources (Fig. 1) are
among the indications for the recent fault activity in the investigated territory of the Sofia graben.

The local seismic manifestations in Sofia graben are of various characteristics. All of them are of shallow
hypocenters.

1. Geological Institute, Bulgarian Academy of Sciences, Laboratory of Seismotectonics, Str. Acad. G.Bonchev Block 24, Sofia 1113, Bulgaria;
e-mail: matova@geology.bas.bg
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Fig. 1. Strong and moderate earthquakes in the block segmented Sofia graben and surrounding horsts, where
ancient and mediaeval monuments are situated.

I - faults: a - of the block boundaries (I - Negushevo fault zone, 2 - Vitosha fault zone, 3 - Iskar fault, 4 -
Chepintsi fault, 5 - Elin Pelin fault), b - seismically deformed sector of the Vitosha fault during the 1858 Sofia
earthquake; 2 - block of the Sofia graben, 3 - block of the surrounding horsts, 4 - epicenters of earthquakes with
magnitude M: a - M=6.1-7.0, b - M=5.1-6.0, ¢ - M=4.1-5.0; 5 - depths of their hypocenters: a - up to 10 km, b -
11-20 km, ¢ - 21-30 km; 6 - thermal mineral spring; 7 - several ancient and mediaeval monuments of Sofia city:
a - castle, b - church, ¢ - monastery. Abbreviation of town names: EP - Elin Pelin, Pk - Pernik.

The last investigations and the revision of the seismological information indicate the presence of strong
earthquake in 19" century. It is a 1858 Sofia earthquake (M=6.5-7.0) (Solakov et al., 2001). The earthquake
epicenter is situated in the center of the investigated graben. The depth of the hypocenter is no more than 10 km.

The local moderate shallow earthquakes are registered or noted in the Sofia graben and its surrounding
horsts. A great part of their epicenters are localized in the crossing of the Vitosha and the Chepintsi faults (Fig.
1). The great part of the seismic events are related to hypocenters which depth is also no more than 10 km.

The above mentioned strong and moderate earthquakes which hypocenters are in the very shallow layers of
the crust permits to suppose the presence of considerable seismic effects in Sofia city, including in the ancient
and mediaeval monuments (Fig. 1).

Considerable number of local weak earthquakes are registered in the Sofia graben. The distribution of their
epicenters proposes an additional and significant information for the recent mobility of the graben and for its
seismotectonic potential in the destruction processes (Fig. 2).
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Fig. 2. Weak earthquakes during 1966-1979 (summary of seismic data in the publications of the Geophysical
Institute after Matova, 1998) in the block segmented Sofia graben and surrounding horsts.

I-fault of the block boundaries, 2 - block of the Sofia graben, 3 - block of the surrounding horsts, 4 - epicenters of
earthquakes (1966-1976) with magnitude M: a - M <1.5, b - M 71.5; 5 - epicenters of earthquakes (1976-1979):
a - only recorded, b - felt by the population; 6 - several ancient and mediaeval monuments of Sofia city: a - castle,
b - church, ¢ - monastery, 7 - Sofia city hinterland. Abbreviations: ChB - Chepan block, SB - Sofia block, MB-
Murgash block, IB -Ihtiman block, Lb - Lozen block, VB - Vitosha block, PB - Plana block, LnB - Lyulin block,
VsB- Viskyar block, Kr - Kremikovtsi monastery, SE - Seslavtsi monastery; St.Sf - St. Sofia church, St.Ge - St.
Georgue church; Bo - Boyana church, Dr - Dragalevtsi monastery; Pk - Pernik, EP - Elin Pelin.

The influence of the regional strong earthquakes is also of great importance for the studied territory. The
strong shallow earthquakes, like the 1904 Krupnik one (M=7.8), provoke seismic effects of lo=VII in Sofia city,
including building destruction and liquefaction. The numerous, long-term manifested and periodically repeated
strong Vrancea intermediate earthquakes provoke also small destruction effects in certain localities of the city.

The summary impact of the above cited local and regional seismic events could be of great importance for
the stability of the city buildings. The summary seismic influence over the historical monuments was very continuos.

The seismotectonic situation in the Sofia graben and the surrounding horsts creates serious problems for the
city. The problems are related mainly to the protection of the old city and its monuments as well as to the
development of the new city.

3. SEVERAL ANCIENT AND MEDIAEVAL MONUMENTS IN SOFIA CITY

Numerous traces of the Thracian, Hellenic, Roman, Byzantine, Bulgarian and Ottoman periods could be
observed in the center and the peripheries of the city. The town was attractive for the population of the Balkan

- 1767 -



Peninsula and for the participants in the Great migration of the peoples.

Several important ancient (1" - 8" centuries) and mediaeval cultural monuments (9" -17" A.D.) are the
subject of the study. They are placed in different quarters of Sofia city. They mark the long evolution of the city
during the millenniums.

Constructions of the Roman period (1* -4" centuries A.D.) could be observed in the center of the city and its
southern periphery. They are represented mainly by the partially saved city castle, some public and private
buildings. The traces of the castle, of the buildings and inner streets are marked in the center of the city. Very
bad saved traces of outer walls of the city castle and of the water-supply system are established in the southern
periphery of the city - the Boyana quarter.

The ancient churches “St. Sofia” and “St. George™ are among the relicts of the Byzantine period. The churches
are situated in the center of the city. The first of them , “St. Sofia” church, was so remarkable, that the name of
the city is related to it during Middle Age.

The biggest part of the mediaeval monuments are represented by churches and monasteries. The Boyana
church (11"-13" centuries A.D.), also the Dragalevtsi (14" century). the Kremikovisi (15" century) and the
Seslavtsi (17" century) monasteries are among the most representative monuments (Fig. 1). Their building and
painting represent an expression of the economic possibilities and the cultural needs of the population in the city
and its surrounding.

The Boyana church (Fig. 3) was constructed during three stages - the 11", the 13" and the 19" centuries, but
only the first two of them are of historical value. The second stage of the Boyana church was the most important
for the cultural history of the country and the world. The Boyana church is included in the UNESCO List of the
World Cultural Heritage.

The painting of the Boyana church during the 13" century is remarkable. The murals of the church include
89 scenes with 240 human faces.

The portraits of the local Sevastokrator Kaloyan and his wife Desislava are of exceptional value for the
Bulgarian art history. They represent indications for the development of the Bulgarian Renaissance. The other
portraits of the Bulgarian Tsar Constantin Asen and his wife Irina, also of the military saints are also among the
significant ones. The presence of wall painting compositions with several elements of the Bulgarian life is one of
the very impressive church characteristics.

The painting of the churches in the Dragalevtsi, the Kremikovtsi and the Seslavtsi monasteries is of impor-
tance for the next stages of the Bulgarian history. The murals of the cited churches propose information for the
economic and cultural life of the people in the country. The decoration of the churches is realized according the
Orthodox laws, but a great number of the details give expression of the Bulgarian existence during the different
periods of the Ottoman domination.

The murals of the Seslavtsi monastery church and some other churches in the region of Sofia city are attrib-
uted to the well-known Bulgarian painter Pimen Zographski and its famous painting school.

Seismotectonic information based on cultural monument’s periods of construction and deconstruction

All of the mediaeval churches were built and reconstructed several times. The definition of the periods of
reconstruction includes very important indirect information for the previous periods of their destruction. The
destruction of the monasteries embraces data for the natural and the human impact during their long history.
The human impact is of various types. One of them is of technogenic type. The last one includes the wars, the
revolutions, the various peacetime industrial and transport activities etc. It is of significance in the Sofia region.
The technogenically induced seismic events are not the subject of the proposed investigation.

The earthquakes are among the most significant natural impacts in the recent active territory of Sofia city.
The seismically provoked deformation and destruction of the monuments are interesting for the seismotectonic
interpretations. The established seismic effects permit to receive information for:

e the intensity of the earthquake in sites of monuments,
e the seismically active faults,
e the local co-seismic phenomena.

4. SEISMOTECTONIC DEFORMATIONS OF THE HISTORICAL MONUMENTS

The seismotectonic conditions are complicated in the Sofia graben and the surrounding horsts. The recent activity
of the inner graben blocks creates some dangerous conditions for the city. The seismic influence in the central part of
the Sofia city and graben is of relatively limited intensity. Its maximal values are up to VII-VIII degree.
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Fig. 3. The Boyana church (11" - 13" century A.D.)

The quality of the monument constructions is of significance for seismic effects. There are constructions that
do not permit considerable deformation. The inner city castle, constructed mainly in the 4" and the 6 centuries,
has exceptionally stable and large walls. The basements of this ancient castle are saved up our days. The seismic
effects are not considerable.

Some other monuments represent higher constructions without so stable walls. The ancient church “St.Sofia™
was transformed into mosque during the Ottoman domination. The mosque construction was partially destroyed
during the moderate and strong 1553-1558 Sofia earthquakes. Its minaret was cut and fallen. The cited seismic
effects of VII-VIII degree had have positive consequences for the Bulgarian population: the mosque was trans-
formed again into church after the earthquakes.

The seismic effects in the Sofia graben boundaries are more significant, up to VIII-IX degree. The Boyana
outer walls of the ancient city castle, also of the Boyana ancient water-supply system, the Boyana mediaeval
church and the Dragalevisi monastery are placed in the southern boundary of the Sofia graben. The Boyana
outer walls and the water-supply system are considerably deformed. They are only partially marked now. The
often deformations are the cause of numerous reconstructions of the Boyana church. The reconstruction works
in the Dragalevtsi monastery are also numerous, The documented reconstruction works in the Dragalevtsi mon-
astery are during the 15", 16" and 19" centuries. They are related to Sofia earthquakes. The Boyana and the
Dragalevtsi quarters are placed on a sector of the Vitosha fault zone where the tectonic processes (including the
seismic one) and the slope movements are very intensive. They are in the southern boundary of the Sofia graben
near its contact with the Vitosha horst. The seismic effects are up to VIII or VIII-IX degrees.

The northern boundary of the graben is of relatively limited, no considerable recent activity. The Negushevo
fault zone, the Chepintsi and the Elin Pelin faults are represented in the locality of the investigated monuments.
The Seslavtsi and the Kremikovtsi monasteries are in the northern graben boundary. The reconstruction works
in the Kremikovtsi (16" and 19" c.) and the Seslavtsi (19" ¢.) monasteries could be related also to the Sofia
earthquake effects. Perhaps the maximal seismic effects reach up to VII or VIII degrees.

The moderate Sofia earthquakes of 1450, 1553-8, 1818 and the strong one of 1858 caused certain deforma-
tion of the region of Sofia city. Its influence into the city historical monuments is considerable. The Balkan
catalog of the earthquakes (Shebalin et al., 1974) includes data for monument’s destruction in the region of
Sofia city. It was noted that twelve Sofia churches were destroyed in different degrees during the mentioned
1553-8 Sofia earthquakes.

The earthquakes provoke relatively large distribution of the seismic effects of VII and of VII-VIII degrees
along the sectors of the Negushevo, of VII, VIIT and IX degrees along the Vitosha and the Chepintsi faults. The
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seismic influence was relatively more representative in the surrounding of the crossings of the seismic active
faults. The three mediacval monasteries and the Boyana church are located near the crossing-points of active
faults.

The slope processes at the foot of the high Vitosha mountain provoke the increase of the deformation
effects. The seismogenic and aseismogenic landslides and rock falls are very well represented in the locality of
Boyana quarter. They are of moderate distribution in the Kremikovtsi and Seslavtsi quaters of the city. The
liquefaction and the land subsidence manifestations are of limited significance in the investigated region.

The above mentioned data show that the seismotectonic danger is considerable in the Sofia graben and its
surrounding horsts. The seismic effects increase along the Vitosha and Negushevo faults and in their crossing
points with the Chepintsi fault. The southern half of Sofia city is in close vicinity with the crossing of the Vitosha
and the Chepintsi faults. The Boyana castle walls, the Boyana ancient water-supply system, the Boyana churches,
the Dragalevtsi monastery, are in the surrounding of the mentioned crossing of the southern graben boundary.
The inner Sofia castle, the churches “St.George” and “St. Sofia” are in the middle part of the block fragmented
Sofia graben, but not far away from the mentioned fault crossing. The Kremikovtsi and the Seslavtsi monasteries
are placed in the northern graben boundary closely the crossing of the Negushevo, Chepintsi and Elin Pelin
faults. The position of the monuments is not favorable for their protection.

The synthesis of the research permit to go to the following information:

- The local weak, moderate and strong seismic events (Fig. 1,2) and the regional strong ones (M ? 7) prepare
or create the deformation of different degrees (up to Io=IX) in the investigated natural and man-made struc-
tures.

e The seismic activity of the faults, generally of the Vitosha and the Chepintsi ones, is of a great significance
for the locality. The activity of the Negushevo faults is of moderate importance.

e The co-seismic phenomena are also developed. There are relatively limited data for seismically-induced
landslides, rockfalls, liquefaction, land subsidence and other geological phenomena.

5. CONCLUSION

The ancient and mediaeval monuments of Sofia city are numerous. Only a part of them is a subject of
seismotectonic investigation. )

The above mentioned ancient and mediaeval monuments of Sofia city are situated closely to recent active
faults. They are also at the peripheries of the numerous blocks of the Sofia graben and the surrounding horsts.

The territory of the Sofia graben and the surrounding horsts is mobile one. The most significant recent
movements are related to the contacts of the Sofia graben with the surrounding horsts, generally in the southern
and northern graben boundaries. The mobility increases in the crossing-points of the active faults.

The epicenters of a considerable number of moderate and weak earthquakes, as well as the epicenter of the
strong Sofia earthquake (M = 6.7-7.0) are distributed along the active faults, also along the block and the Sofia
graben boundaries. The strong and the biggest part of the moderate Sofia earthquakes have the hypocenters at
depth no more than 10 km. The seismic effects of the cited very shallow earthquakes are very dangerous for the
earth surface and the monuments.

The co-seimic phenomena in the sites of the monuments are relatively well represented in the southern
graben boundary, followed by the same in the northern one. The manifestations of these phenomena are more
limited in the central part of the Sofia graben.

The tectonic situation of the monuments, the seismicity and the co-seismic phenomena in the sites of monu-
ments are of significance to the explain the destruction of different degrees in the investigated monuments. The
seismotectonic research helps the next works for the protection of the ancient and the mediaeval monuments.

The considerably seismically deformed Boyana outer city castle walls, Boyana water-supply system, Boyana
church and Dragalevtsi monastery are situated in the southern part of Sofia graben, where is the crossing of the
Vitosha and the Chepintsi active faults.

The Kremikovtsi and the Seslavtsi monasteries are placed in the northern graben boundary and in close
vicinity with the fault crossing of the Negushevo, the Chepintsi and the Elin Pelin faults. The values of the
seismic effects in this graben boundary are smaller than the same of the southern boundary.

The ancient monuments of the city center, the walls of the inner castle, the churches “St. Sofia” and “St.
George” are in relatively less dangerous seismotectonic conditions. The seismic influence is of moderate values
in the central territory of the block fragmented Sofia graben.

The impact of the long-term manifested seismicity to the Sofia graben and the historic monuments is also of
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significance. The considerable quantity of seismic events provokes the numerous reconstruction periods of the
investigated monuments.

Now the protection of the monuments which are deformed in different degree represents a very responsible
obligation of the people and governments. The country respects his cultural heritage and tries to organize their
reconstruction and conservation.

REFERENCES

BOTEV, E., RIZHIKOVA, S. 1982. Sofia seismic zone and weak earthquakes in 1977-1979. Bulgarian Geophysi-
cal Journal, Sofia, VIII, 3, 98-106 (In Bulgarian, English abstract).

BUNE V.I., VUCHEV, V.T., GITIS, V.G., MIRONOV, M.A.1982. Application of the interval expert evaluation
approximation method to compilation of M max maps of Bulgarian earthquakes. Geologica Balcanica, Sofia,
12, 2, 49-70 (In Russian, English abstract).

GOCEYV, P, MATOVA, M. 1977. The Present Active Fault Mosaic in Bulgaria and the Seismic Activity.
Geotectonics, Tectonophysics and Geodynamics, Sofia, 6, 32-47 (in Bulgarian, English abstract).

MATOVA, M. 1998. Seismic Active Blocks in the Region of Sofia city and its surrounding. Proceedings of the
Third Working Group Meeting of the International Project “Expert Assessment of Land Subsidence Related to
Hydrogeological and Engineering Geological Conditions in the Regions of Sofia, Skopje and Tirana", Sofia,
p. 10-16.

MATOVA, M. 1997. Seismic Active Faults in the Region of the Town of Sofia. Proceedings of Second WG
Meeting, UNESCO-BAS Int. Project on Land Subsidence, Skopje, p. 45-50.

PRASHKOV, L., BAKALOVA, E., BOYADIIEV, ST. 1992. Monasteries in Bulgaria, 287 pp. (Publ. House
“Spektar”, Sofia).

SHEBALIN, N., KARNIK, V., HADZIEVSKI, D. 1974. Catalogue of earthquakes in Balkan region. Parts I, III,
366 pp. (UNESCO, Skopje).

SOLAKOV, D., CHRISTOSKOV, 1., SIMEONOVA, S. 2001. Possible Consequences from Strong Earthquakes in
the Territory of Bulgaria. Minno Delo and Geologia Journal, Sofia, 1, 52-57 (In Bulgarian, English abstract).

SOLAKOV, D., SIMEONOVA, S. 1993. Bulgaria. Catalogue of earthquakes 1981-1990, Sofia, 39 pp. (BAS,
Sofia).

- 1771 -



Acerio Tng EAMvikig Mewhoyikig Evaipiog, Top. XXXIV/5, 1773-1779, 2001 Bulletin of the Geological Society of Greece, Vol. XXXIV/5, 1773-1779, 2001
NMpokmika Sou AieBvoig Euvedpiou, ABriva, Zenmépppioc 2001 Proceedings of the 8th International Congress, Athens, September 2001

AN ENGINEERING GEOLOGICAL CONSIDERATION OF THE FLASH FLOOD
HAZARD: A SYSTEMIC APPROACH FOR STRUCTURING
A SUSTAINABLE STRATEGY.

S.G. SKIAS'

ABSTRACT

In this paper, firstly an attempt is made to define/shape the flash flood concept and the associated risk, to
appreciate the structure and properties of the engaged to it fluvial system and the flash flood potentially gener-
ating geoenvironment. Secondly, an engineering geological consideration of risk identification and minimisa-
tion approaches, the human actions increasing vulnerability and the main mechanisms resulting to instability
phenomena manifested within the steep upstream part of the fluvial system during the flash flooding process are
presented. Finally, the active role which engineering geology-geologists must play in implementing sustainable
measures for coping with the flash flood hazard in the 21 century is argued.

KEY WORDS: flash floods, engineering geology, sustainability, natural hazards, systemic approach, fluvial sys-
tem, erosion, slope stability, mitigation

1. INTRODUCTION: SHAPING THE “FLASH FLOOD” PHYSICAL CONCEPT

Flash floods are widely considered as very fast developing catastrophic floods resulting by short, intense
rainfalls on steep topography. The high-energy and mass transfer-potential of the flood-wave can be, through
accelerated erosion mechanisms, the cause or trigger for occurrence of other natural hazards as, mainly, the
various types of shallow landslides.

Nevertheless, there is no general agreement about the content/meaning of the term “flash flood”, Often, is
discussed in the context of arid and semi-arid environments. However, although criticized by Penning-Rowsell
et al. (1978) for its imprecision, is even more widely used to signify sudden-onset flooding in a broad range of
climatological and geographical conditions.

The suddenness and unexpectedness implied by the term “flash flood” may manifest different causes (found
in relevant literature) as: intense storm rainfall, rapid snow melting, failure of dams or other control works.
Either, may indicate a storm has occurred on steep, bare, impermeable surfaces such as a narrow mountain or a
heavily built-up urban area or in a small catchment where the resulting flood peak passes too rapidly for ad-
equate flood warnings to be given.

From the majority of reported cases, it is revealed that flash floods are normal, natural events caused by
rather short duration but very intense rainfalls (as severe storms) mostly on small watersheds (or upper-land
portion of a large drainage basin) in steep topography with specific flora and geologic settings. As all floods, they
happen when the stream channel’s discharge exceeds the bankfull stage. But, the associated to flash floods steep
topography (mountainous or hilly), is responsible for the existing great difference between the mean values of
their geometric and hydraulic properties and the respective ones of the downstream, inundation floods. Since,
the latter are associated, commonly, with large-scale weather events and large-area watersheds in low lands.
Consequently, the two mentioned types of catastrophic floods greatly differ, both quantitatively and qualita-
tively, as far as their impacts are concerned. Often, torrential flash floods cause damage, which may be out of all
proportion to the peak discharges actually experienced,

2. FLASH FLOODING RISK APPRECIATION

Flash flooding and in general flooding risk results from two independent components: hazard and vulnerabil-
ity (Molin, Valdes H., 1994). Hazard is a consequence-result of natural processes, under certain conditions (in
time and space) within the course of the hydrological cycle. Vulnerability is directly related to human presence
and works that could be (as probability) negatively affected (loss, damage) by the hazard. It is the location and
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type of human presence and activities that are critical to vulnerability. Given all the previously presented, it is
easily appreciated that flash flood, a natural, extreme and periodically occurring, morphogenetic (earth-shap-
ing) event, can be characterised as hazard (or geo-hazard) since it adversely affects humans and their property.

United Nations declared the period 1990-2000 as the International Decade for Natural Disaster Prevention.
1t is unfortunate that during this last decade the magnitude and frequency of flash floods have increased as the
associated vulnerability (live loss and property damage). Let only mention the flash flood in Afghanistan (June
1991) with more than 5000 victims. Losses from flash floods and associated to them hazards (mainly landslides)
world-wide are increasing because of human activities and geophysical factors resulting in climate change and
increased variability. Rainfall intensity is the driving force behind flash floods regardless of average annual
heights (Flower, A.M. and Hennessy, K.J., 1995). Numerous European and international research projects, e.g.
HYDROMET (1998), TELFLOOD (1998) and conferences (e.g. Int. Conf. On Mountain Natural Hazards,
Grenoble, April 1999) resulted in a presentation of valuable multidisciplinary experiences and new ideas for
coping with flash floods. The common denominator of all experts is that the best flash flooding hazard’s man-
agement lies to an integrated approach and community (co-operation of all societal groups) actions (Brilly, M.,
2001).

3. A SYSTEMIC APPROACH IN ASSESSING FLASH FLOODING HOSTING GEOENVIRONMENT: THE
FLUVIAL SYSTEM

As all natural hazards, flash floods can be optimally understood, assessed and their impacts mitigated, if they
are perceived as outputs of particular dynamic processes within geoenvironmental systems, the fluvial systems.
A thorough engineering geological consideration of the characteristic properties, the controlling factors, the
existing thresholds and the interactions among the elements/components of a particular- case fluvial system
represents the key issues of a sound systems analysis and assessment. The appreciation of a certain fluvial sys-
tem’s evolution through time (in terms of process, form and magnitude) as a respond to man’s actions is of
fundamental importance to start creating the framework of rational action-directions for shaping case-appro-
priate alternative flash flood risk coping measures.

3.1. The fluvial system from an engineering geological viewpoint

Like all earth systems, fluvial (riverine) systems are very complex and are characterised by a number of
basic principles — properties (Chorley, R. J., and Kennedy, B. A, 1971) such as:

a. The system has limits. The limits of the fluvial system are the drainage contour of its basin and the mouth of
the river.

b. The elements of the system interact. For instance, a change in the tributary network will have an impact on
the properties of the main channel, and vice versa.

c. The fluvial system is controlled by previous natural or human induced actions, (resulting in short or long-
term response) such as mass movements, dam and road construction and changes in surface soil’s infiltra-
tion.

d. A single element usually dominates the system. This is usually the climate, which (through precipitation and
temperature) determines the amount and the distribution of water (surface and ground water) within the
system.

e. The system evolves through time geomorphically, as it adjust its physical character to the influence of inter-
nal and external parameters.

f. There exist a continuous energy and matter (water and geo-materials) flow through the system. Through
raindrop impact on natural slopes, to the exertion of velocity-induced shear stresses on streambanks.

g. Thresholds influence the dynamics of the system. Thresholds such as critical discharge level, channel-slope
dips, values of engineering properties of engaged geologic materials and formations, etc.

Subsystems exist within an overall fluvial system and may be considered as of critical importance and sepa-
rate members of the system, thus governed by the same principles as the above mentioned ones (a to g). The
principal subsystems of an overall fluvial system are:

(1) the main channel and its flood plain,

(2) the tributary network and

(3) mountain or hill slopes.

As far as flash flooding is concerned, the 2™ (especially the upland streams) and 3" subsystems deserve
special consideration and investigation of their properties and evolution. Since, the flow and transferred mass
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characteristics and lag time to peak flow of the flood directly depend on the properties and the interaction
mechanisms among the elements of these subsystems.

In analyzing the stream and slope subsystems, there exist some salient concepts deserving appropriate con-
sideration (Rahn, P. H., 1991). Namely:

Equifinality, referring to the development of similar geomorphic features (such as alluvial fans) from differ-
ent processes, which on lack of engineering geological expertise would appear to have a similar origin and
formation history.

Feed-back. This reaction occurs, generally, in river systems. An example is the growth of large alluvial fans in
a stream valley at the confluence of a tributary. These large earth bodies deflect the channel of the main stream,
and since the main stream cannot transport the sediment, brought to it by the tributary, positive feedback occurs
and the channel of the main stream is changed.

Equilibrium states. These are of great importance in appreciating the evolution of the fluvial system and can
be seen in various time scales.

4. RISK IDENTIFICATION AND MINIMIZATION: THE MAIN ISSUES OF ENGINEERING GEOLOGI-
CAL CONSIDERATION

By principle, the discipline of Engineering Geology (E.G.) plays a predominant role in identifying geohazards
and minimizing their risk. To this respect, its main task is the selective application of existing knowledge/princi-
ples from the whole range of Geoscienses in exposing and ranking the risk prone areas/sites and the engaged
causative and triggering factors of their manifestation or potential occurrence. In performing this role:

1. Investigates, in a systemic way, the existing properties of the geo-materials/formations (rocks, soils, water)
and geo-structures constituting a particular geo-environment of interest (in our case the fluvial system) and
the qualitative and quantitative relationships among them

2. Investigates the interactions between the geo-environment (natural system) and the actions-works of man
(technical system) within a relevant human time-scale, and

3. Delineates hazard affected or prone areas and proposes mitigation (preventive or/and remedial) measures,
using weighted criteria and specific index values.

Within the context of the so-called geological hazards, flash floods occupy a predominant position since they
negatively affect both the natural and the man-made environment in increasing, through time, intensity (as
figures show).

It should be always remembered that earth systems are dynamic and very complex ones and exhibit great
anisotropy due to the unhomogeneity of the involved geologic materials. Thus, each particular system consid-
ered in an appropriate for the given objective scale, represents a rather unique case as far its structure and
behavior are concerned. Although, two cases at first observance, might appear similar (see above Equifinality
principle).

If we take as fact the common case that flash flooding generates on steep mountainous or hilly topography,
E.G. is focusing its interest to the investigation of the upstream section of the whole drainage basin or fluvial
system. There, the two existing main subsystems: the stream network and the engaged slopes, disserve thorough
engineering geological consideration. The main issues of consideration are presented hereafter.

4.1 Origin and evolution of the upstream drainage network and the associated slope system

In performing the relevant in situ investigation, geomorhological techniques and indicators are used in or-
der to reveal the sequence of past events responsible for the present morphological characteristics of streams
and slopes. Besides, the past geotectonic or other geophysical activity in a regional scale is considered, since this
activity has been always interacting with the geomorphologic processes shaping the topographical surface of
reference. At this point we should stress the extreme value of any existing reliable historic records, which the
investigator must look upon with caution during the desk study phase of the site investigation. This is sometimes
called “historical monitoring” of the region.

4.2 Instability phenomena in the slope system

Engineering geologists can use various observational and analytical techniques in different scales, in order
to locate the presence and evaluate the possible interactions of instability phenomena being in an active, dor-
mant, or inactive state. The investigation approach is tracing the prevailing causative and triggering mechanisms
of instability or landsliding phenomena which cover the whole range of slides, falls, topples, lateral spreads,
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flows and the complex ones. In many cases the situation is very complex and requires expertise knowledge. The
occurring complexity is mainly due to the engineering, structural and topographical properties of the hosting
rock or soil formations. Some geologic extremely anisotropic formations like flysch (typically, a sequence of
interceded soft shales and hard sandstones) present extreme difficulty in appreciating and predicting their me-
chanical behavior. In the case of flash flooding shallow landslides and especially mud and debris flows are the
most commonly observed phenomena occurring in the surface soil formations of bare or deforested natural
slopes, exhibiting low water infiltration and quick runoff building. These phenomena can be easily triggered by
the same rainstorms causing flash flooding, and are mainly due to sudden decrease of shear strength within the
soil mass, after passing a certain threshold of pore-pressures value.

Earth flows and flash floods can directly or not interact in various ways, many times in a very complicated
way as far as the sequence of events and the involved acting mechanisms. For instance the landsliding material
can change the route (direction, shape) or the flow parameters of the flooding water.

Shallow landslides due to sheet flow action in soil slopes (runoff) and the undercutting action of flooding
wave are usual manifestations of flash flooding events. Gradually the great velocity and high-energy potential of
flooding waters are diminishing as they proceed the lowland area. Thus, the downstream portion of the greater
drainage basin, where the main river system flows may be little affected (i.e. rare occurrence of landsliding
phenomena triggered by the flooding water’s erosion mechanisms).

In general, mobilized earth material after following various routes (mainly ordered by gravity) is distributed
in various places by depositional mechanisms, thus introducing a varying in magnitude morphological change.
The reshaping of the natural relief morphology though is a continuous natural process called morhogenesis is
accelerated and manifested impressively during landsliding events related or not to flash floods. These morpho-
logical changes create new stress levels within the soil profiles of the slopes of the affected up-stream area. Thus,
certain slopes can exhibit safety factors approaching to unity. Careful planed and executed engineering geologi-
cal investigation which must be performed within due time after judged as major morhogenetical events (result-
ing from seismic, landsliding, flooding, etc, activities), can delineate new landsliding-prone slopes within the up-
stream region facing high flash flooding risk. Of great assistance in selecting the due time and the characteristics
of an in situ engineering geological investigation concerning landsliding activity, can be the relevant data from
periodic airphotographs, satellite imagery, or other remote sensing means of the region at risk. The ranking
process of slopes at risk and the presentation of the investigation results, in general, can be greatly facilitated
(time, quality) by the use of the continuously advancing geographic information systems (GIS).

4.3 Interactions between water and geologic material

Through the hydrologic cycle are well known the varying interactions among meteoric, surface and ground
water. Water in all forms constantly interacts with the geologic material altering in various rates the strength and
geometric characteristics of soil and rock formations drooping (precipitation), moving on surface or percolating
through the soil pores and rock discontinuities. Apart from the landsliding phenomena investigation, E.G., given
the flash flooding risk of an are, investigates the interrelations among geologic material, water and vegetation and
their combined influence on the properties of sediment discharge, floodwater discharge and lag time to peak flow.

Of great assistance in appreciating and predicting flash flood impacts is the E.G. investigation of erosion and
depositional/sedimentation phenomena on channel banks and within the beds, which are influencing the evolu-
tion of the whole fluvial system.

4.4 Human actions or omissions increasing flash flooding damage in the up and downstream regions

In many cases careful in situ engineering geological investigations reveal human actions which directly or
indirectly represent causative factors in landsliding phenomena triggered by meteoric events which at the same
time and region trigger flash flooding phenomena (Smith, K., and Ward R., 1998).

Actions-activities: In fact, human actions can facilitate the destructive role of natural factors (topography,
geology, and precipitation) which control both landsliding occurrence and flash flooding damage in the up-
stream region. Some of the principal and common human actions that contribute to the above mentioned natu-
ral hazards are cut-and-fill operations, unreasonable use of explosives, disposal of geomaterials engaged in road
and building construction, deforestation, urbanization of natural slopes, uncontrolled disposal of solid wastes
and predatory exploitation of natural resources. The above mentioned human activities can significantly alter
natural processes and accelerate and aggravate the impact of the extreme natural phenomena (here landslides,
flash floods), by changing natural drainage paths, assisting the action of gravity, reducing soil infiltration and
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increasing pore-water pressures.

Omissions: Apart from the destructive influence of human actions there exist certain human omissions re-
lated to proper maintenance of engineering structures engaged in flow control within the drainage system. For
example, small flow-control dams constructed in series across the channels of upstream drainage system are
progressively trapping large amounts of sediments up to their carrying capacity, above which sediments and
other solid obstacles can travel and deposited uncontrolled down stream. This situation can be the source of
various destabilizing processes (e.g. erosion), leading to landsliding phenomena and to increase of environmen-
tal (c.g. loss of agricultural land) and human damage (life and property) during flash flooding events. In general,
periodic channel clearing and dredging (from all naturally and artificially occurring obstacles changing the spa-
tial distribution, geometry and capacity of drainage system) represent a preventive measure of landsliding and
flash flooding mitigation system among other preventive soft-engineering measures.

The case of Xanthi-Greece: Human actions and omissions described just above were responsible, to a great
extend (Institute for Geological and Mining Research, Athens 2000, unpublished study), for two human victims
and severe environmental, infrastructure and property damages, up and downstream, caused by a flash flooding
event in Thrace, Northern Greece. In fact, rainfall started on 26" November 1996 and reached extreme intensity
on 30-11-1996 triggered a catastrophic flash-flooding event originated in the upstream mountainous part of
river’s Kossynthos drainage basin in Xanthi Prefecture. Many mountainous villages, a great part of the old city
of Xanthi and many villages and public infrastructure in the downstream plain area were seriously affected by
the flooding waters and transported sediments, rocks, municipal wastes and other materials. During this ex-
treme for the mentioned region flash-flooding event, the total daily amount of rainfall outreached (30" Nov.)
the value of 200mm and the hourly intensity (between 11" to 13" hours of this day) exceeded 30mm. These
rainfall and flood events are considered as events of the century for this region.

As it is apparent from what has been presented in previous paragraphs, a thorough investigation, analysis
and appreciation of the interactions within the geoenvironmental system of reference by an experienced Engi-
neering geologist can guide him in selecting and spatially and temporally allocating preventive and mitigating
measures across the drainage and slope systems of the upstream part of a drainage basin. A periodic, efficient
engineering geological site inspection (through the use of certain natural indicators and monitoring devices) of
the area can safeguard the proper maintenance of existing or implementation of possibly needed additional
actions/measures.

5. ENGINEERING GEOLOGY VS. SUSTAINABLE MEASURES FOR COPING WITH FLASH FLOODS

Flash floods, as most natural phenomena, need a systemic approach for effectively appreciating their dy-
namic properties, the involved in cach case interactions among the engaged external/internal factors, and a
rational assessment of their potential impacts. In planning a set of (structural or not) measures for coping with
flash floods in a particular case, there are some key-points which, being appreciated, can well lead both to
optimal, under the existing constraints, selection and realization of the mixture of measures. An overview of
those key-points related to the system and sustainability concepts as well as to the role of engineering geology are
presented in the following,

5.1. Existing groups of measures

At the end of 20th century, the existing measures for coping with flash floods (as well as with other directly
or indirectly related natural hazards as landslides, erosion, etc) can be grouped in four sets (Yevjevich, V.,
1994):
a. Do-nothing (means: learning to live with the hazard)
b. Non-structural (divided in measures related to: regulation for proofing, defence and insurance)
¢. Structural (extensive -in space- and intensive -in point, line-)
d. A combination of structural and non-structural measures

Itis easily understood that a and b sets are measures in the direction of controlling people and set ¢ represents
the alternative, that is controlling water

5.2. Influence of the Sustainability concept on the choice of selection-criteria

The concept of Sustainability (Rio, Earth Summit 1992) has created a new framework in coping with compli-
cated socio-environmental problems as these associated with floods and other natural hazards. In general, the
idea is that the measures taken should have a long-run effectiveness in meeting, both, true social needs and
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preserving the natural capital (soil, flora, and fauna). That implies that Sustainability greatly favours measures

for controlling people.

In relation to the above mentioned four groups of measures, four comments may summarise the trend:

I. Sustainability oriented approach dictates a massive (though rational) use of non-structural measures in an
integral strategy for mitigating negative impacts (decrease of loss of natural capital, human lives and prop-
erty)

II. Among structural measures sustainability favours the use of extensive ones since they are of vital importance
in an efficient soil conservation practice, sound management of land-use and protection of natural environ-
ment.

111. Intensive structural measures (as levees, dikes, dams, and water storage) are considered that, in many cases
and especially when expose large dimensions create severe environmental problems in a long time span due
to cumulative effects of their impacts on the natural system within which they are intervening. Also, in case of
malfunction or failure (as it has happened several times) they may cause much more destruction (or even a
disaster) than the natural phenomenon when it might occur. It is well known that it has been a long lasting
debate/controversy on the impacts of structural measures in controlling water. Now there is a general agree-
ment that the future for any particular case lies with participatory decision-making using a costs-benefits-
and-risks approach that will raise the importance of the social and environmental dimensions of the case to
a level once reserved for the economic dimension. This approach is gradually shaped and enforced in the
different levels of institutional decision-making by the gradually emerging sustainability-oriented legislation.

IV. It is easily appreciated that preventive actions are by all means and far better fulfilling the sustainability
criteria than do mitigation ones.

5.3. The role of Engineering geology in the selection process

The final selection/choice of needed measures must be the task and the result of a cost-benefit analysis and
multicriteria evaluation (nowadays within a sustainability framework) from a team of experts covering (as much
as possible in width and depth) the various multidisciplinary aspects of the particular hazard’s problems.

It is easily proved that in achieving the case-optimal flash flood coping measures for any particular catch-
ment, the basic prerequisite is a systemic consideration of the status and dynamic nature of the upstream geo-
logic environment and the engineering properties of the involved geologic materials. Besides, it is necessary to
appreciate the existing and varying in space and time sequence of interactions among the different geologic
processes. The geometric and physical properties of geologic materials and the interaction of surface and ground
water with them mainly control these processes. It is obvious that the nature and magnitude of the geomorphic
changes (mass movements, erosion) created by a particular flash flood event express the result of the interaction
between the acting meteorological agents (precipitation, temperature, winds) and the geologic environment
(considered as a system of different but interrelated parts). These changes are mainly originated and greatly
manifested in the upstream region, thus this part (subsystem) of the whole drainage system necessitates special
engineering geological investigation in a way, which has been already explained.

It is apparent from the above that Engineering Geologists, after understanding and presenting to the rest of
the selection team of experts (e.g Hydraulic Engineers) the functioning of the whole geoenvironmental system
can provide the criteria of geologic origin to be used in the selection process. In establishing these criteria apart
from relevant and adequate data expert judgement is badly needed. The quality of judgement is obviously pro-
portional to the experience and expertise of the engaged Engineering Geologist. Existing Engineering geology’s
methodologies, as the use of indicators and special type indices (Skias, S., 1998) using appropriate mathematical
and software tools, can facilitate the evaluation, ranking and temporal/spatial allocation the flash flooding po-
tential within a given drainage system’s area. Thus, they can assist in achieving, within the sustainability frame-
work, the optimal mixture of structural and non-structural preventive and mitigating measures. Also, through a
rational process of assigning weights to a set of socio-economic criteria can assist establishing the order of social
importance/priority of the measures to be taken. It should be stressed that the measures taken must be always
tailored to the particular properties of the geoenvironment and the related socio-economic system of reference.
It has also to be appreciated that no recipes from a “cook book™ are available.

In any case, the degree of effectiveness of implemented measures (structural or not) for a particular catch-
ment will be directly proportional to the appreciation of the interactions between the natural system
(geoenvironment of the catchment) and the technical system (existing and implemented human actions).

A rationally designed and carefully performed engineering geological monitoring programme prior, during,
and after the construction stage, will safeguard, to a great extent, that the project (selected measures) will
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perform as planned. This monitoring programme must be an integral part of an Environmental Impact Assess-
ment concerning the particular for implementation project (set of engineering measures).

The concepts of socially and environmentally accepted risk and the carrying capacity of the concerned natural
environment’s components should be established through proper social dialog and (combined as a pair) must
form the corner stone criterion in the final choice among alternative engineering measures and the associated
political decision.

Besides, for appreciating the crucial role of Engineering Geology in an effective design and construction of
flood related structural projects, it is worth mentioning that extreme flash floods triggered by Dam failures, with
severe impacts on human life and property, have had as primary cause the underestimation or misjudgement of
the existing geologic regime. Either regarding the foundation rocks (Malpasset dam, France 1959) or the stabil-
ity of the adjacent natural slopes (Vaiont dam, Italy 1963).

5.4 The societal duty of engineering geologists in the 21 ) century

Nowadays, in the down of the 21" century, there is a growing societal demand to reduce the vulnerability of
the unavoidable natural hazards. The best respond to this demand is first to perform an integrated risk analysis
and then use sustainability criteria (safeguarding environmental protection and preservation) in selecting the
appropriate preventive-mitigation measures from a cost-benefit analysis. Due to their direct and close relation-
ship with geo-environment’s behaviour, engineering geologists well appreciate that is greatly beneficial (for the
real benefit of society) to back and encourage this responding approach. In this respect, we strongly believe that
engineering geologists should actively participate in local or other forums where land-use and project-selection
decisions are made concerning flooding susceptible lands and provide proper arguments and guidance for the
planners and administrators, as well as for those involved in the technical-engineering aspects. If an agency or
authority moves for approving a project without taking into consideration the existing geologic controls and
sustainability constraints in a flood-prone area, the engineering geologists of the region should alert the public
to the associated potential risks. This might be called: “the citizen scientist’s duty to care™.
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«ELOTOMOT TMV VITOYELWY VEQWY TNC.

Aidovrar hesropeor] MBOROYLRA, TTOMUATOYOUPIXG HOL TEXTOVIXA OTOLYELC YLCL TC DV0 TERTOVIRA RUATPpOTO
OV aravToUV OtV TEQLoy MEAEMS (vdhvppa Duihitdy - Xahalitdy wat zdhvppa Totmodng) wabog zal
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uExor T Mdhie, ywoic va drotapaybel To vnoyelo duvapurd dihwv Yerrovirgy TeQLoymy o 110N veplotavot
UTEQERUETAALEVON).

ABSTRACT

This paper present in details the geology, stratigraphy and tectonics of the area between Malia, Mohos-
Potamia and Limin Hersonissou in Crete. Also deals with an analysis of the hydrogeological conditions and its
crucial contribution to decision-making and sound exploitation of ground water.

Detailed lithological, stratigraphic and tectonic data are given for both the tectonic nappes (Phyllites-quartzites
and Tripolis) within the study area, together with information concerning the post-alpine outcrops. The loca-
tions that meet the conditions for the accumulation and storage of good quality underground water are also
specified. Large quantities of water will be needed for the irrigation of the trees that will be planted along the
new road that connects Hersonissos with Malia, and this additional need for water should not disturb the already
overexploited hydrologic potential of the adjacent areas.

AEZEIEX KAEIAIA: Korjm, Moyde, Mdha, Kdhuppo Guihedy - Xahalirdy, Kdhvppo Toimokng, lewhoyia,
Zrpwparoypopic, Textovin], Ydpoyewhoyia
KEY WORDS: Crete, Mochos, Malia, Nappe of Phyllite-Quartzite, Nappe of Tripolis, Geology, Stratigraphy,
Tectonics, Hydrogeology.

1. EIZATQT'H

Eivaw yvooto ot n Konm ovyrpoteiton arnd €va oivoho AETOELdmE SIUTETAYIEVIV TEXRTOVIRWY HOAVUUETOY
mov mepuhapfdvouy pia peydhn mowihio clmxdy oxnpatopdy. Ot oynuotopoi avtol €gouv dnpovoyn el oe
SuapopeTind makatoyewypagind teptfdlhovia war kdbe wdhvppa €xer T Ot TOV TAOUUOQPMTIAY Hal
petapoo@ir wotopia (Bonneau 1973, Seidel 1978, dutpohdnng 1980, @acothag 1995 #.a.). H dop tov ynoton
cuvpmhnoaveton te petaksmnd Wi, petatl Twv onolmy ®uelapyn Béan natéyouvy 1a veoyevij(Ew.1).

H napovoio o »dbe aveEdomro wdhvppa vd0OTEQUTUV Rl AdLUTEQUTWY OYNUATIONMY, O TEXTOVIONGS
OV £YEL ETNEEGCEL TOUS OYNUATLOROUS cuToUs (TTUYMOELS, EQUTTEVOELS, 01 YUATC) KOl 1) TEXTOVIXI] OYE0T TWV
SLapéomy ROAMPPATOY PETAES Tovg eAEyyouv R ®afopiCovy, zatd ®ipLo Adyo, Tig vdpoyewloyivés ouvBnreg
7ov dapopgpuvovral otig ddgpopes mepoyEs e Kojme.

Ty mapotioa. epyaoie TapovoldLovTaL oL YEMAOYIXES ®at udpoYEmhoYIRES ouvBijres g TEpLOYS nETAEY

* ON THE GEOLOGICAL AND HYDROGEOLOGICAL CONDITIONS BETWEEN MALIA, MOHOS, POTAMIA AND LIMIN
HERSONISS0U, CRETE.
1. Tewhoyd Tuijpe Hov/piov ABnvav. TMavemotyuovmokny 157 84 Zwyoeagouv.
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TV }oEuiv Moyds - IMotapes - Xepoovijoou xar Makiov Kpijmg, eonidfoviag xuping om textovixn dowi me
nEQLoYc ®at oto g o xabopilel Tic vdpoyewhoyirég ovvihires. "Evavopa e pedéme me ouyrexoipuévne
EQLOYIC fiTaw 1 avalimon VAdYEIoV LUTIRWY TEEMV Yiet TV GodEVoT TV HEVEQOOTOLLEIV TOV TOGHELTHL VA
avamroyBoiv ®ratd [ujzog Tov véou odrot dEova Hpaxkelov-Ay.Nixokdov, oto tunjpa tov axd Xepodvnao
peyoL Mdhu.

Eue. 1: Zynuatvaj anewxovion tijg yewloyajs doujs s evovteons meptopfs uelérs. (Me évrova yoduuara
ONUELGD-VOVTAL 01 CYNUATIONOL TOV QXavIovy oTny meptoyi evdiagépovrog.) 1. Evimyra Koij-tne Mdwye. 1a.
Kovoraiiixoi aofearo-Abot pe 1f ywoic rvprrdiibovs. 1. Zroduara uerdpaons oe uerapivoym. 2. Kiivuua
Pviliraiv-Xakalirav. 3. Kddvupa Teimodns. 3a. Zroduara Papdovywv. 3p. Avlpaxxif axolovbia Tpimolys.
3y. dAv-oxne. 4. Kdlvupa Hivdov. 5. Neoyeves.

2. TEQAOTIA - ETPQMATOI'PA®IA - TEKTONIKH

H hibootpmparoypaguei didpbowon g evoiteons meoloyic HELEMC, 0md ®ATm TEOS Ta ETAvVM,
rEQAapfdver o) duo amd Te TEXTOVIHG RUATPUPAT TOU CUPPETELOVY 0T Yemhoyuxn o e Kerjme. Avtd
elvau: 1) o rdhvppa Tov dukhirdy - Xahalurdy zau i) 1o vrepreipevo xdhoppoe me Toimohne. B) \ipata Tou
Neoyevoug, avo-petoxavies nhuxiag za v) ano0foeig Tov Tetaproyevolc (e.2).

2.1. To xdlvupa rov Pvilitay - Xalalitov

To wdhvppa tov Pviltey - Xaholitdy xatehapfaver onuoviizg éxtaon modd vora tov fépetou odixot
Ggova. Hpaxheiov - Ay. Nuohdov. Avamtiooetan voTidteoa tov Moyol, péau oty hexdvn amopooic Tou
Amooehénn [Motapod, rad wixzog ms vonmic youuwic Eneoxaudoec - Motauud - Tovige,

Mua purpdtepn eppavion twv Pvihitdy - Xahalitdv evroniomue votoavatolxnd me Xepoovijoov, H
glpavion avnj, drwe Ba dotipe oty ouvveyein, Exel thaitepn vdooyEwhoYLA] ONuaoic.

Zm hexdvn amopporig Tov Amooeréun IMotapov, 1o zdivppa Tov GuAMTOY - Xahalltdy avimpoonmeveT
and OUo SLuPOPETIXOUS AMBOROYIZOUS OYNUATIONOVS, EVOY UVATEQD Rl EVA #UTWTEQO.

O aveitepog OYNUATIONOS UTOTELEITUL UG CEQUATIXONS #VOIWS OYLOTGALBOUS, te petaadn hdwpn. mou
EVOARGOTOVTOL e dAhovg, yhwErmzovs, %ot pe Aemtd yrolldyooa yehalimnd otpopatidie. Katd 0éoeic,
EVIVWOLOHY EIVaL 1] TUQOVOie CUNITUYWUEVOY AEVvrdV yuhallandy ghefdinv zar 0plldviwy mov 1d00
UOHQOOROTUHA GO0 %Al OTO (UXQOOROTLO Dot ITOQOTOUY Vit YUOUATOLOTOVY TEQLOTOTEQD WIS GUALITES OO 1C
oyrotdibor. H mapovoic kemrdv yohalltdv otpmpdroy eival ol TeptopLopév.

O %a1dTeQog oYNUOTONSS amoTeAeiTal ad patipovs, %utd 10 pdihov 1j Hrrov yoagiuxovs oyiotohiboug,
XogoumoiCeta 1ot avTog (s TV THOVOTC CUIITTUYWIEVOY %UALCLOAOY OTOOUOTOIDY TTOU 1) CUYVETITN EPQAVIONC
Tovg chAdACerL ad Béom oe Béom. okt omdvic TaEATEOUVIAL MO UTONXTOELDY UOPECTOMUOITIAG OMUOTLL.

H purgdteon epgavion tov Guvikitdy - Xalalitdv mou eviomiom#e votoavatoixd e Xepoovijoou
AVTITQOOMTEVETAL U6 PUQUUQUYLUAOVS - YAWOLTIXOTE Oy10ToABovg %ot yououamelleTal amd ™y Tapovoic
TUUTUOREVOY AEVAGY Yohallardy oToopaTidimy.

Kvgwo yaparmoionixd textovizd yvwoiopa g evomnrag tov Guilitdy - Xahalirdy eival 1 éviovn
TAQUUGEPWOT] TS, TOV EXONABVETUL XUEIWG PE IOOXMVELS TTVYES. Alamotdinxe 6T 1 evomyta Tav PuihiTady -
Xohalirady €)1 CUUHETAOYLEL OF SUO TOVAGHLOTOV TTUYOYOVES TUQUUOQQPWTIHES (PAOELS, MNapamoeeitan €vag
TQOTUUNTEOS TROCUVATOAOUGS TV UEGYV TWV TITUY@Y TapdAAnia toog T dietBuvon A-A. Ze wpretd onpeia
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TOEOTNOE (TeL TEAPUTTUXWON 101 Trvxmpévoy otpmpdroy. Toappioels, oonés opotémra, ohobfoeig,
Offyrata %ot SIHAGOELS CUITANOMVOUY TOV TEXTOVIXG LOTO TC EVOTNTUS (UTiS.

2.2. To xdivuua s Toimodns

To zdivppa g Toimolne xatahapfaver Ty peyahiTepn €xtaon oy TEELOX] NEAETINS oL
AVTITQOOWIEVETALL, AT HUELO AOYO, 0T6 eVl TETOWIATH, AVO-TOLUOKIS E0E HAL AVORONTIOLXIS NMRing.
T faon Tov avBpasiKmY aravTd £vog NeaoTELOIENHATOYEVIS OYNUATIONGS TOU Elval YvmwoTtdg wg IZToupata
Papdotiywv, 1 Zrodpate Tvpotl. Tu otpwpata autd epgaviCovial o8z anéotaon voTloovatolxd Tou
Mojyov. "Exouy uxor éxtaom o pixpd mdyog (€51 tepimou pérpa) xol amotehotivial ad Tpdovovg ot Bloké
QUALTES, [E YOOoATOLOTIXY Y 1o Zrpodpara Tvpot mapaygéveon and yeholio + rohotyo poappaguyic +
awpority + Qlorevio + poyvTing, péoc oToug 0IoIoVg TEQATROUVTOL GyroL and yohalites vt @hefidia amd
petahhind ovotatid Tou ouvodelovial ad Aevrd yohalic. AT mdvew TOUg TOEUTNEOUVIUL AEVXOTEPQOL
dohopmzol aofeotohbol éme dohopites, ev pEpel Tauviwtol, otpwuatoiBuxol, pe Paleodasycladus mediterraneus
PIA, haoiov nhwxiag.

Tao avBparixd e Teltolng avurpoomaetiovial wid GAO TO PAON TWV TETPOAOYLRGV TUIMV oL Eexivd
and tovg rabapovs aofeatohiBovs ral Tehewdverl otovg zabapoig dohoplteg. Ta yevirnd tovg Abogaoird
FOQUATNOWOTIRG divovTal oV E1xdva 3. Ze YEVIRES YOUUPES WTOPOUNE Vo TOUUE o1 o aofeotdibol eival
HECOOTOWUATMOELS, HIKOLTLHOL, TEQPEOL 1] TEQoONELIVES, EVioTE hevxrol 1) pe podilovoa ypoud. Ou dohopites 1
HUAUTEQX 1) SOAOMITINON EIVOL £VOL PULVOPEVO TTOU TUOATNQEITOL O GAOUS TOUG OTRWIUTOYOUQLXOUS 0QILOVTES,
a7t6 1o Toradixo péxot wow to Konudixd, dhhote oe peyaiiteon xow GALOTE OF (UrQGTEQN £XTAON, RO TOEOVOLELEL
e axavoviom) avdamtuEn téoo xatd my oplléviua 600 ®ot xatd ™y rataxdovgn évvoia. Koard Béoeig n
dohoptinon eival 1600 Eviovi) WOoTe va dnpovoyeital dohoptinn Guuog

H nhzia 1ov avBpaxindv Eexwvd and 1o avdrepo Towadind =t grdaver peyol 1o avitego Konudurwo
(AkeEomovhog 1990).

O ROTWTEQOL CTRWIATOYOU@IXOL 0QILOVTES, aviToLadLHY|g NALring, elval TuXU-OTRWUATHOELS 1) AOTEWTOL
(meproyy Apyayyéhov Muxanih), eviote orpwpatolburol (reproypj Todnetag), yrpldhevror, teqpol, 1
pekavoteppol dohopiteg xat dohoptirol aoPeotchibol, mohhég @opEg pe oaryopmdn ver. Ztovg opifovreg
avtols €xovv evromotel evpeyetn Megalodon »aw o hemrotopés €xovy mpoadopiotel Involoutines.

To »otwtepo ®oL péoo lovpaoxd avanticoeral vota twv Makioy, ®xatd wjxog tov Meydhov p€patoc.
Evosnnrnd avagépovue v napovoia otpwudtov pe Paleodasycladus mediterraneus PIA, Orbitopsella
praecursor (GUMBEL), haoiov nhxiog wou Prackurnubia sp., Pfenderina sp., Kurnubia palastiniensis HENSON,
doyyepiov nhniag.

Ty mepLoyr] pehémg nat waltepa petatt tov Moy ot - Zrahidag xat ote mpadpata Zéhha, Biyha, Ayywvdoa
rar Kegdha, emxpatoliy oL avmlovpooixol - atw-»entidikol oynqpatiopol. Aroteholvial ®vping and
TEPOOUELAVES IHOLTLROUS, HECO Rt A LOToWpatdels aofeotoiiBovs, pe molvdoBpua Cladocoropsis mirabilis
FELIX otat aviotovQaotd OTQWUCToL.

OL av@tepoL OTEMROTOYOu@Lrol 0PILOVIES TS TEQLOYNS Elval AOTRWTOL 1) MAKVOTOWUATHOELS, TEPEOL E1g
Te@oopuEhaveg dohopites, dohoptinol aofectéMBoL %ot HECOOTOWUATHOELS AEVRGTEQQOL oLTiHol aoBeotdhbot
1e ThnBdpa povdioTtaiv, PeTaEl Twv oroiwy, fogetodunrd me Zrakidag, omyv meployy twv Eevodoyeimv Armida
#ot Horizon Beach rpoodiopiomxe to eidog Durania sp. nhxiag Tovpwviov-Zevoviov. Zmy diaotadpmon Tov
Spoumy oo Xepodvnoo mpog Kaotéhh IMeduddag xar mpog to Opomédio tov Aaoibiov ot deiypate amd pavpovs,
pecootpwpatwdels aofeotoribovs, mpoodioplomue, petasl Tov dihwy, xal Pseudotextulariella sepfontainei
ALTINER & DECROUEZ nov motonoiel to Artio.

H hemropepiis orpwpatoyoagury HeAET) g meploxis anédeilEe my vnopkn dimha-dimho oymuatiopcdy
Suapopetinnc nhriag. To yeyovog outd ouvdéetal pe ™ dpdom pnypdtmy, 0 EVIOTLONGS TwY ortoiny oty traibgo,
€€ artlog mg MBohoywiic opoopopgiag, dev eival mdvrote duvards.

Tov textovixe 10T Tov ®ahippatog g Toimolng oty mepioy pehémg tov cuvBéTovy priypata, dioxhdoelg
O TUTUYEG.

‘Evag onupavirds apbuds pnyudrtov ratatépver v avBpanikt pdta me Teinoing. Ta piypata
GVaITTIoooVTOL ®OTd WHOS TV TAQUHATW TOLHV TpoTtuntémy dievbivoemy: i) A-A (100° - 280°), ii) BBA-NNA
(57 - 185%) »aw iii) BA-NA (60° - 240°). Mepird and OuavItrGTEQM OfyRata (VoL ONUELOPEVH OTOV YEWAOYIXG
KAOTN NG ELX. 2.

A6 T ONUELWREVEL OTOV TLO TAVEH YEWAOYLRO YAOTY ONYRATO TO TEQLOCGTEQN OlYoUQM EXOUV AEITOVOYTOEL
OV (o TV TERTOVIRY Tomoféon tov rahdpporog e Tolroing eni twv Puvihitay - Xahalitdy, dedopgvou
6t oL peydhes pnEuyeveis yoappés dev xofouv v enagr Tov duo xahvppdroy.

- 1786 -



07/ =4 71 8B=1

owod). b

god

EGLOE00 10 Dmonminlo d ordodh o 3
nonay ioa nodnod Ao Saomdioun
Saarioigas 30 AnoXoLoiaD Ly ooaripigag
CHDAgAD JorormdX poenay

30 010D oWy SuviiLo Sl Soupyu o oygy
puAndaaD pddzipanyan - pdnod

30 F¥0LounD odnon Mdio 31 Soupyu o1 ovey
Arrinitdgan ami pemadX o ar mushusio Sl
SlradodAoiodmdwoogy 9o Uylie Ao ow 4

HIAWHT

Lnd oazrmyyoLondsosy © |z
DQOLOU3LOD | 02
nowony nos uopoleBayy pdapy 6L
noxigoidt not uopojeBapy ‘gL
10gIY0LO3E0D oNuIdoyoy 4|
Sayroyog loxigivoLndmdiz -g|
Sauroyoy ‘g1
10g1Y0LO3g0D josgiyoLnrmdLT |
b Lurmisios 3 10giyoLosgoy g1
amXAoddoioropyz
ouwpronodg 3 10giyoLo3goy ‘z|
53100y 3 10gyoLO3IgoY ||
saka s,pug
S3riog 3rl S3urioyog b 10gvoLDagoY 0L
bgizoxAo 3 iogiygLosdoy
0giyoLo3gdon Sishouounioyodipy
10giyoLo3gon joxudiyay -
10gIygLo3gon joxmudiioigogal
logiyeLosgdon iouudxidog
10g1YQLO3F 0D [oX¥ULIDUDOGAT
10giyoLo3gon joxudouny
logiyoLo3gon joxudsidogay
10gIYGLOIHOD joxLdy

T nO~Go

Suyowd) 5L Soignoyoxo Sux
-pndgan Sut amrdoL ammidodAoion
-mdioogly 5orioi3Xono 1oy pxLoid
-UrsndoX pyiho-ogiy pyiAz | iz wig

1z 0z 6L @1 £ al st vl
Cl=11 Mol EleTe] E=T- O=13 (0 (O =6 e O 1) 2 I3
EL 21 1 oL 6 ] L a - ¥ £ 2 L
OMIVVYIdL'Y
o o, 2
I Sthaupd) Soboy
Fi Fi
L T T -
Y. 7 T} Q
i 550 ) N A
A T | T
- il s [ &
8 ——— T | T 1 oot >
e s Vi | T by
1 ) 1= ~
| R | = n_“. = =~ 1= =
e ! e °
o}
DikoyL oidog =] u In T ” 4
it Lt
L LIS -
IV naonog SL¥ng pihoyyy (=]
-
B
o L
o
& >
m ™M
]
5 =
=
o
ﬂ i ra [3 i 3
7 vi ﬁ LT =
I } b
=1 — T >
S - sy i M
lml ml mrsdazy o
I I oodeg
= | I
) B v
=1 0IZvidd38 =
- QINIZNYVYE =
g~ o 0lg1d310 )
OlN3ddva =z
-
B
olgvy =
o

- 1787 -



NEOTEXTOVIRES KIVIOELS, OMWE TEOXVTTEL R ol Tig epyaoies twv Boekschoten 1962, Angelier 1980,
Moupttdg 1990, éxouv dadpapatioer onuavnxé E6ho Ot HIHPGEPWOT TS ONUEQLVIS EXGVAS 0TIV TEQLOYN
pehéme. “Eva ané ta anotehéopata mg veotextovixts dodong eivar ot petafohés mg otdbung g Bdiacoos.
Ot petafohéc auTég, Tov €30V roTayoagel o8 TOAG oMpeie »otd ixog TwV Bopeiny TUpaAiwy TS TEQELOYNS
£x0oVV ETNEEGOEL, PEYOLS EVOS Pabpov, To enimedo Pfaong Tov ®aQoT.

Ot dlohGoels amOTELOUY EVal TOMI GUYVE TEXTOVIRG Yoo OLOTIRG Twv avbpariugy tg Tolmolng nat
SLadoapuaTiCovy oNPavIKG POho 0TV XUTEITOVOT TWV ATUOOPULOIKGIV ROTAUHONIVIORATWY ROt 0TV avamtugn
TOWIAOV KUOOTIRMY HORQHY. ALapop@dvovial Suo #ipL ovoTHHaTe dIHAACE®Y Ta OTTOlE, KOTA RAVEVA,
StevBivovran apdhnha xow ®dBeTa TEOS TV TOQATAEY TWY EMMPAVELDY OTRWONS.

AnS v eneEe0yaoic TOAGOIOPOV HETEOEWY SLamOTHONHE [t TAOT AVAETTUENS TOV XUOLOY CUOTIATOV
Stanhdoeay exaréowBey Twv dievbivoeny A-A (ta mpatetovia ovonipara) xaw B-N (ta devtegevovia). H
ouyvET TR TOV TEWTEVOVIOS OUOTHIATOS Slarhdoemv ®upaiveton petaEl TECOGOMY % eEnvra duarAdosmv
avd HETEO, pE pLe péom T dndera damhdoewy avd pérpo. To devtepevov ovompa EpPOVICETAL PHE oUYVOTTQ
pLag didxhaone avd pérpo. H mopovoia tTov duo ovompdtov diaxhdoemy EXEL TQORAAEOEL 0LV TOLS GAAOIS, TOV
AUTAHEQUOTIONG TOV TETOWIATMV 0 0TTOT0S, OE CUVOUAONG PE TNV ENUPAVELH OTOWHONG, 0ONYEL OTOV ATOYWOLONS
HOL ATORAROUVOT TERCYAV, TOhoY SLaoTdoemy.

O ATUROYGYOS TEXTOVIONGS Eiva TEOLOOGTEQD Exdnhog ota “Zrpmpata Pafdotywy”, 6mov CVORTUOToVTL
W#DOOROTATC #att pecooromng ¥h{parag mruyés. Aviifeta ota avipanmnd mg Toimokng TEOUTNOOVVTAL
FTUYES PEYAMNS omTIVOS ROPTUAGTTUG, PE W #Og ®UPATOS TG TAENS TV TEVTE €0¢ draxrooimv pétpwv. Ot
drevdivoeis Tov aESvov Twv oy elvan BA-NA xat A-A. Ot #updvoels autég ahhdCouv Tomnd Ta YEWUETORA
FUOUXTIOLOTIAG TWV ETPAVEUDV OTOWOTS.

2.3. Neoyevij (Grjuata

Ta veoyewii (Djpora avarriooovion oto BEgELo Tjpa me TeLoys nekéme. "Exovy tegropiopévn avamTutn
yiow ané ta Mdaha xat peyariteon avdrwEn omy xegloy Kovtovkovgdor - Xepadvnoog - Atuévag
Xeooovioou.

Sty weoox v Mahinv anaviodv froxhaonizol, vgohodels, paoyaixol aopeatéifor (Biddaxmg et al
1989, AkeEdmovhoc 1990), peoéc pooéc hatumomayeis mov oty faon Tovg ouvibng wraved Evag #EoRuko-
horvtomayiic 0piCovTag fE OTOLELC TOV TEOEQKOVTAL Gtd TV AAPBOWON TWV GATIRWDY OYNUATIORGY TWV
TERTOVIHGY ReAuppdtov. Ot wporahohatines foionovial pEow O pua apyiho-paoyaing Bepehuidn pdte, »itotvn
1 £0V00GY00N, Kl THOOVOLELOUV HLOL ROTAVO XOTA TNV RaTarGQUEN Evvola, aviem pe my OLdtatn Tmv
TEATOVIXOV Rohuppdrov. Ankad ota BuBiteQd OTOOUATE ETXOATOUY OTOLEIN TOV TPOERYOVIAL UG THY
DAPOMON TWV AVHTEQWY TEATOVIXGY KOMPUGTWY EVEH 0T YNAGTEQH amavToly OTOLYE O Ty evoTTa
duitov - Xahalrrdy xor Korjme-Mdvne.

Ty meLoy ™s Xepoovijoou amavtoiV TOTHUOMUIVAIES, KITOLYGYQOES, VTORTVES 1] TOACIVES doyihol #at
RGOYES 1E YUPLITES Hett 00ICOVIES TOMIHIKTWY nQOXaAOTaY@Y (Avarmhuimg 1975, Biddxng et al 1989).

2.4. Teraproyeveg

Tto TETaPTOYEVES EVIGOOOVTUL Ol THQAXTIES TAELOTORAWVIXES %t OhokouvInES amobEoels wal Oahdootec
avafadpides o1 ahhovPlaxéc amoléoels, oL #HVOL 2OONUATOV ®at Ta Thevprd roorjpara (L. eue.2).

3. YAPOI'EQAOTI'IKEE LYNOHKEL
3.1. I'svixnd

H oy€0m TV SLEQoQmY TEXTOVIXGY EVOTIHTMY OV CUIPETEXOVY 0T WAyt S0 TS EVOUTEENS TEQLOYTS
pekEne, N otihic T MOOAOYLOV TOV CURMETEYOUY 0T OUOTHON TWV EVOTHTWY auTdv, 0 fabpog mge TERTOVURNG
TOUC RATATGVNOME #att 0 efpds rapomxomoinong Tmv avlomuudy TyNIaTnopny, eival ot fuotrol Taodyovies
o1 omoiot zetHopICOVY OTC TEOVEOYEVI] TETOMUATH TNV AUXAOQOQIL TWV VAGYEINV VOATWY, T dnpoveyia
VAGYELOY VOOOPEMY 00ILEVTOV 1] UBQOPEOMY CLOTNRATWV KL TC YEWUETOIRA KUQAXTNOLOTIAG TWV
VOOYEWROYIRWY LEAOVEY 0TV TEQLOYT] HEAETNS.

AvTolc TOUE TeOGEYOVTES Rafdic %ol TO THE EMMEEALOVY 1] TO TS SLAPOOPHVOLY TIg VOQOYEMAOYIXES
ouvihixeg g mepoys pekétng, Hua eEetdooupe dieEodind ot ouVEELL.
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3.2. Kdivuua Pviiireov - Xalabirov (D.X)

Kabopionxog eivar o p6hog tov dudddy - Xehalirav omy SLapSepwon TwY VEPOYEWAOYIXGV CuVEN RV
TS EVQUTEQNS TEQLOYN]S HEAETNG.

Onog paivetar axd Tig TPONYOUREVES TEQLYDAPES, TO RAAUpIT TOV DUAMTOY - Xahalirodv ovyrpoteital,
®atd faon, ané adiaEQUToNs OYNUATIONOUE Rt WS EX TOUTOU dev avopevetar 1 avdrtugn, dEuag Adyou,
vdpogopiag pfow o' auroc,

H vdpoyemhoyinn 1oue Spng onpacia €yxeitat 0To YeYovog GTL UTGHELVIOL TEXTOVIRG TV HOHQOTEQUTWV
avBpaxdy oynuanopdy Tov xakippuaros me Tolmolng nat avtd, Grwe B dotpe OTN CUVEYELC, OF OUVOVUOPG
HE TNV poo@} me empaveras endnone mg Tolmokng el tov .X., xabopilet v Tehrt] Srarivion Twv vddTwy
7o ®arewdiovy ota avBpuxird g Tolmoing.

H mpoavagepbeion textovin emgdven €xel e yevirny xhion mooc ta Boopea mopdhia. “Etou tehindg
amOdERTIG TWY VIOYEIOV VOGTWY, thhov eurOAGTEQN %ot chhov duorohdtepa, eivar 1) Odhaooa. Tomud Guwe
dnpovgyoival vdyetor vdoxpiTeS, TOV 1 TEOOVOIK TOVS dadoapaTCet ONUONVTIZG OGRO OTY) dtarivon Twv
UTOYEIMV VOATWY, OTOVUS OOIOVS AVUPEQCIUOTE 0TI GUVEYEL,

3.3. KdAvuua Tpimodnys

A6 VOQOYEWAOYIRNS GITOYMS, TC O ONUAVTIRG TETODIATH OTHV TEQLOYT] HEAETNGS Elvan Tor avBoakixd g
Totmokne. Ta otodpara Papdotyov (otpdpata Tvpot), mov axotehovy T OTOWUUTOYOUQLAT Pdon Twy
avBoaxirnv mg Toirokng, 6mov epgaviCovrar 1 avapéverat va epgaviotody, CUNTTEQLPEQOVTUL CrOLPg Gmme
ovpeQLpEgovTat oL Puhhiteg - Xahalitec,

Ovmapdyovies mov #afoiCouy #aut eAEYXoUY TV UdEOYEMAOYIN] OUPTTEQLPOQT TWV (VO QURILEV TETOMRATOV
e Toimolg efvat: &) 0 ENYRATOYGVOS TEXTOVIONGS ) 1) YEWUETOIM TN EMQAEVELOC enmbnong me evottoag g
Totmokng exl rwv dukiitdy - Xahalirdy y) oL wdone giceng aovveyeies ( EMUPAVELES OTRWOTS - BLlaHAGOELS) B)
0 fabuds raporomomong xaw y) 1 pepua TMOMON TWV RAQOTLRGY EYROMAWY Haw aywy@v fe epubpoyi.

Ze oy£on PE ™V £T{OOUGT TOV ONYHATOYOVOU TEXTOVIONOT O] DLAOEPWOT THV VOPOYEWAOY XV CUVON RV
ONUELDVOUILE TO TTOOOHRET:
®  ATG T QyRaTa TOU XATATERVOLY TO #aAkuppc tg Toimohng e onpavtxdteoa Oewpotpe: o) 1o peydio og

#og onjypa ov felonetal avarohxd me TodmeCag war mov wnd 1o Péoeia AOEAMA GTAVEL HEYOL TOV

ATOOEREPN TOTARG, 0TO Tpog Tov eEwxAnoLoT Apxdyyehog Muaiih zat B) to exiong ueydho o1ype Tou

onpeEtdveTaL dutind g Erahidag won exteivetan péyoL tov Moyo.

e Ta dvo autd peydha oriypate dnpovpyotv oy evotiteon meQLoy tolar onEepdyn: o) 1o onEurépayog
dvtind g Todmeluc-Apyayyéhov Muyaijh (dvtxé onErrépayoc) B) To onErtépayog Zehhinv, petaki
TodaneCag won Zrahidag (zevipind onErrépayog) xat y) 1o otvBeto onEépayoc Moy ot Mahiwv (avatolxd).
Ze a6 éva and o EnETEpdYN AUTd SLepooPWVOVTOL DLUPOOETIRES vdpoyewhoynés auvbhireg oL omoleg
#OTG #0OL0 AGYO EREYYOVIOL (T ™V YEWPETOIA TS EMGPAVELLS ETMONaNE TOV avOQurIGY g Toimoing
el Tov vroxeipevoy Guilitoy - Xahalitov.

e To modito eriyna (offyua TodmeCag - Agy. Mugonih) yoparmolCetal and pia TEQLOTQOQT) TV VO TEPY DV
TOV Yipw amd €vav dEova BA-NA dievbivoewe mepimou, 1 omola €xel wg WTOTERECHM THY avipwon] Tou
dutizol tepdyovg oy meployf me Todretag %at Tameivwon tov (dov TEPAYOVS OTNV TEQLOYT TS
Enoorapaoog (BAéme e, 2), notw TV TATENVOON TOV GVATOMAOD TEPGKOUS mpog v £E0do Tou pépatog
1Xavegl wow avingmor tov oty weptoyj Tov Agyayyéhov Muxaik. H TEQLOTOOWY] CUTY TEXUNOLOVETOUL
OTOWRATOYQUQPIAA Xt frotnd amoderwtind otorxelo ival ) avetpeon tov Towadixod ot duo AVTLOLUPETOLRES
meQLoy€g, pia oty Todmela ®ar pa otov Apydyyeho Mugaih, ot ™V avaatuEn vewtepmy
OTROUATOYQUEIRIY 0OLLOVTWY 08 avtifeteg vatevbivoels, exatépwiev Tou peydhou prjypartoc.

e Heppdvion tov A. Touadixot omy weproy me Todretag vodnhiver my apovaic toy Zrpwpdtwv Tuooil
(oteupara Pafdotymv) 1j tav @uiltay - Xakalidy ot ogetind uxod Babog. Aute, o8 auvduaons pe mv
OV pEQUELOU TEQLOTOQT, €XEL (IC OUVETEL TV GUECT] EAPOOTION VITOYEIMV VOGTWY ot Odhaooo rot
my exdijhwon vrobahdoaiwy myav B xaw BA mg Todaelag (Bh. ew. 2).

o Z& Oy€0N pPE ™) YEWRETRIO ™S EMpdvELag endinong Tov xarvppatog me Toimolne el Tov GuilToY -
Xuralimov ava@epovpe 1o TaQuudTm:

e Htextovin) avni emagn €xel pua yeven] xhion mpog to POpete ol ®at 100g Ta exel vuteviivoviay oe
YEVIXEC YOUUNES Tt UGYELC VEQQ. TOmXA G 1) YempeTolo ™ Em@dverag exainone ahhalet za ) ahheyi
T} MPLoVoYEel VITGYEI0UE VBQOROITES TOV HUTOI, PE TN OELOEG TOVE, ®ubopiCovy vdpoyewhoyinec Aendveg
OTLS OTOLES OL TOOGTNTES Xeit 1] TOQEL TOV DIGYELOV VEQOT DIUPEQOVY ONUAVTIRG.
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o Idiafreon ompaoic €4EL 0 EVIOMONGE, ®atm and ta avioourd me Tolmohng, oS JREHE EPQAVIONS TS
evémrag Tov Prihrdy - Xahalurdv vétia mg Xepoovijoov. H eppavion vt 1wpLet To duTire onETERaYog
oe Sv0 el péoove avbparminés vipoyEwhoyRES hendves (Bh. eix. 2.) ad TG OOLES N HEV EXQPOPTICETAL
stpoc T BA (oo TodmeCag) n de dhhn moog ta NA. Katd mooogyyon 1) O€om Tov VIGYELOL VOPOHEIT
et oL SIEVBUVOELS TTPOC TIC OTOLEG HIVEITUL TO VIGYELD VEQOS, ONUELDVETUL OTOV yaopm) g ewovag 2. Eivat
TOOGPAVES GTL OL TOOGTITES TOU LIGYELOV VEQOT TTOU DLAHIVOUVICL TQOS TCL BA #ai exgoptiCovral mpog v
neproyy me TodmeCag, dh. TOOC puet ot TLS TEQLOYES (G TIC OTOIES diépyetar o Poetog 0diuds dEovag
Kormg, efvar ouvaomon mg EMQavelarijs avamtugng 1wy avBoaxnixiv mg Tolmokng BA tou onpetotipevou
otov ¥dom ™mC . 2 vdyELow vdEOXEIM AL Sy OAGrANENS TS éntaonc Twv avBpourdy Tov dutivol
onErtendyovg. Ot TOOGTNTES AUTES, TOM) oUVTONTIRA, EXTIHOTVTAL OE 1 éwg 1,5 *106 m".

H rapovoio tov vdatooteyavay agyihoy - pagyady tou Neoyevoug Bopeie me avBpuxig pdag tov Mupyd
(Pooera e yoapwic Xeoodwnoog - Ioromavd - Kovtovhougdot) dnuovpyel €vet godyia oty #ivion tmv
VTLGYELDY VEQUIV TPOS Ta POOEL, avaryALoVTAS Tat £T0L VO OTRAQOTY TQOS TV nepLoy ™me Todmelog dmou nat
£1pOQTICOVTaL AUTO 08 GUVOUGONG |IE TLG TTQONYOUNEVES OTOWPATOYOUPIKES XL TEXTOVIXES TUOUTNENOELS (Onh.
v mapovoic Tov Towadou omy weewoy s Tedmelag xou v whion me emgdvelag endinong Pooela Tov
Tupytd) WOC ETTOETEL VO EXPOACOULE TNV GTOYN GTL TEQLOYES TTOY TOOGMEQOVIUL Y10 TNV avOQUEN
VBQOYEMTONOEWY Efval OL TEQLOYES TWV avBQOMGY OECHS VOTIOL KOt votodutird and 1o Kovtovhovgaot.

o H yeopetoia e empdverag endnong aé tov Agydyyeho Muyarih péxot 10 Kodor pag vmodeimvier my
napovoia eveg dhhov vIGYELOL VOPOXQITN ROTA PI1OS TG vonuic yoaupris Erakidag - Mool (BA. ew. 2.).
AvTnd and Tov V0K AUTGY, A OTO KEVIOLKG ONELTENYOG, 1] TEXTOVIXI] ETAQY #A(VEL TQOG Tt A-BA,
0L O VTGYELCL VEDG AIVOUREVEL XUTA WiXOS QUTHS TG Etagpis exqogtiloviar petagy TodneCag o Zrahidac.
Qc ex TovTOU avapéveTal 1) avartun evog aELlohoyou ®apoTivol VOQOPGEOV CLOTHPATOS OTCL avBQaKIKd
#OTO 076 TOL HOOT] LOITOL KL TOV RGO HOQNPATWY TOV QENCTOg XWVEG, TOU GRS 1 mpoavapepbeion duvapn
£EEMEN Tov HevToou pnErepdyovg, pag woodaBéTer yua a mbavi avdauEn twv vroyelmv vddTwv g
nEQLOYNS tE To Buhaoove vepd. Ot EXTHIOTIEVES TOOCTNTES ROTELOOVOVIOS VEQOU EivaL VITEQITAAOLES TG
nponyoipevne teotoyic. “Etotn meotoyr] Tou épnatog Xaveg TOOOPEQETOL 1o TV AVOOUEN LOPOYEWTONOEWY.
‘Opog ot MBaveMTeS aveUREONS *ahig TOLGTNTAS VEQOU lvar prpéc 600 mhnowdlovpe oG TV GrTH,
PEYOMITEDES GIIC GO0 TROXWOAILE TOOS TO ETMTEQIXO TOU QERATOC,

o Avatohxd Touv vréyeou vdponpity Erakidag - Moyov, dnh. oto avatohxd onNEwrépayog, 1 #hion g
em@dverag endBnong xatevbiver To UTGYEL VEQA, XATA TO PAAAOY 1] 1TTOV, TQOC TC pooeia. Ta avBparnd
TOU TERAXOVS UTOU TROPOSOTOUVTIAL HE HEYAAES TOOGTTES vegou xaL and Ty ogewt] pdla g Zehevag
YEYOVGC IOV BXaOROYEL TV %0thi] TOLGTITCA TV TEQLOTOTEQWY VOQOYEWTRHTEWY IOV €xouv Sravouy el voTue
tov Mahiov. Béfaia pepuéc and g vdQOYEWTOHOELS AUTES mapovotdlovy i emoyixry avEnon e
REQLEXTIROTITRS TV LOVIWV YAmp{OV, XWO(S GRmg Ve EXOUV RATAYOUPEL A6 TV AEYAH ouyrevipmoeig
TETOLEC OV Vet #AOLOTOTY GToyOQEVTLA] TV (010N TOV VOATMY QUTMV. ATG TUQATNONOELS |US dramotwinue
6T BLaripavon e TEQLEXTIROTNTAS TWV LGVTOV yhwplov ouvdgeTal apeoa pe 1o Mpog Pooyrig Tov
BooyoueToxol ataBpon tov TCeoptddov %at IOLTEQ UE ™Y XQOVIXT HOTOVORT] TV fOOYOTTHOEWY OTOVS
wivee Noépfotog émc nar Amoihiog. Ot TUQUTNEHOELS CUTES ELVAL AVTIREINEVO ding epyaoiag.

e H avBoaxixi pala tov avarohrol onEirepdyovg oplobeteital moog fBdhaocon and TS TOGOPUTES
alhouPraxéc amoBéoeig raw vpuhmdels papyoixov aopeotohiboug Tou Neoyevoiig, Tou otV TEQLOYY] TWV
Mahiov goivetat 6Tt ev et Toug T00godotel. Ala éoov de Tav aoBeotohiBov autdv Aapfdver Yoo xot
pepxY expSoToN TV VToYEinY vddTWY 0T Bdlacoa, n omoin TULOTOTOLELTAL OTTG TNV EPPAVLOT TAOARTLOV
wow vroBahdooiwy mydy otg axtés Popeta Twv Mahimy,

"000V a@oEd TOVS VITGAOWTOVS TOAYOVTES TTOV ETNEEGLOUV TV SLApGOPMOT TwV VAPOYEMROYLXGY CUVOTHEY
ota avlparind Tig TE(TOAS ONUEWHIVOURE T TUQUAATW:

o Ol 7GONG GUOEWS CLTUVELELES EOVV TOORUAEDEL RATAREQUATIONG TS avBpariric ndtag, o omolog ®ard
Béoeig eivar TOM EvTOVoS. AUTG ExEL 1S ATOTEAEOU APEVOG PEV THY SLaPGEEPOOT VYMAGY THUHY GUVTERETTOU
rateioduone (ueyohitepeg Tov 50%), ag’etégov de Sievrolivouy Tig diepyaoieg ™S HOUPOTTLAOTOMOT|S.

o H ®a00TOROMON, (v %0U ROTA TEQLOYES Elvan exhexTin, £V TOUTOIS Efvau LoyvY). Ztat avBpaxind te Tolmolng
MMULOVOYETTAL e HEYAM TOLRIAG ROUQOTRMY HOQPMY, (TS amhéc durtuhoyhués uéyol dohiveg, napomrd
gyrotha 1 omijhanc. “Erou o ndhvppa mg Tolnolng cupmeQupépetar oto OlVOLS TOV S OLOROQOTLHOS
OYNUOTIONGS, TANV GROS 1] arav6viom) dohoptinon emmEeGLeL ot EAEYYEL HATA TEQLOYES TNV EXTAON KL
Tov Pabpd me xapatironoinonc. Ot petafohés me ordbung e AGEAAOOHC (TG TO TAELOTOXOUYVO LEYOL OYILEQLL,
aopolie %ot €YoV exNEedoEl 0T Slapdeguon Tov emTédou fiomg Tov »apoT

o O paxpoyo6vies dradinaoieg mg raporomoinong, petaft twv dhhwv £xouy g amotéheopa Ty dnpovpyia
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epubipoyiic (roxrivoympdrmv) 1) omolo, 08 TOMAES TEQLOYES. Ot IOILITERA OTLS UaYAYYELES, EXEL TANOWDOEL
ot Oudgopa Pab, T aouvéyetec nat Tig rapotxég popgéc. H mhjomon avmi dnpuovoyel toofhijpata téoo
Ty #ATEEOVON TWV VEATHY GO0 %ot TV avVATTVEN TOV XUEOTIRMY VEQOPEWY CUCTNIAT®Y.

3.4. ATTIOOELEIX TOY NEOT'ENOYE KAI TOY TETAPTOTENOYX

Or amobéoeis autes, amd my dmoyn dpovpyiag expetarhevotny vpoEdewY 0oILEVImY, Tagouaidtovy
TEQIOOIOUEVO VOOYEWAOYIRG EVOLaQEQOV.

Ty mapahiaxt Covi Twv Makiov, 1600 otig modogates amobéoeLs 600 R 0TOUG VEOYEVEIZ OYNILATLONOTC
mov epgavioviar omy TEQLOKY (AUTH, avaTTiooovVTaY, uéxoL kL T dexaetic o 80, onpavTirol vdpOPGoL
opitovrec. H eviamuun opng expetdhhevon tov vdpogdomy 0piléviay eiye we amotéheoud tov vofBaoud g
TOLTTTOS TOU VIGYELOL VEQOD, €5 anting dieloduong mg Bdhaoous (Aapmpdxmg et al 1999). Sty mapahiam
Covn Ty Makiny, oe i éxtaon 11 Km2, égouvv dtavouyrel mdvo aé 2.000 vdoohymtina €0y, ®UPLWS TNy adia,
TOMG a6 T0L OTOlet OHPEQE:, ATY™ TS VPUAUTOLVONGS TV LOGATWY, dE ¥ONOHOTOLOVVTAL, £XOUY OTEQEYEL 1j
EXOVV HETOTROMEL OF OUALEXTES Owtax®Y amofhjtmy xal fofooknudrwy.

Ou amobiéoeic autég Spmg Exouv UOEOYEMAOYIXG EVOLUQEQOY U6 TV GoYN GTL 08 OQLOUEVES TEDLOYES,
Grwg oty wepLoyn Xepoovijoov - Kovtovhovgdor xow omv mapahu vy tov Mahimy, maoepmodiovy mv
GPEOT) EXQOOTLON TV HuEOTGY vepwv T Tolnokne om Odiaooa.

4. LYZHTHZIH - LYMIIEPAZMATA

Am’6ou avartiyinray mgonyoupévas mporiatouy Gt

e H ovvdvaoudvn aSlohéynon oTowpatoyRaguaiy ®aL TEXTOVIRGY OToLE(mY Eivel Eve Puond zow %oroto
EQYOAE(D TOOO Yiet TV RUTAVON 0T TWV VEQOYEMAOYIRHY CUVENHAOY HLeg TEQLOYIS 660 %at Yice TV 00BohoyL
EXMETAALEVON TOU UITGYELOU DUVUILZOT #UQOTIR@V TEQLOYIV,

o Zmv yewhoyir S0 TS TEQLOYIS CUUPETEXOUY TOL TEXTOVIXA RehippoTa Twv DuAdv-Xahalidy rat me
Totmohng yia Te omoia didovIaL AeTTop€QELES OXETIRA HE TIS MBOAOYIES TOU CUPRETEXOVY 0" aUTd, TV Nhuic
TOUG ®OL TNV TEXTOVIRI] TOVG.

e H poogohoyla g emgdvelas enddnons tov avlpaxixdy me Toimokng e Toug vroxeipevoug duihiteg -
Xahaliteg, 0 TELTOVIONGS TOVG, 1] OTOMUATOYRAMIAY Tovs didpbowon, o BubBuse rupoTHoTOMONE RoL 1
oy£on Toug pe T Neoyevi, nafooiovy ko eA€yyouy, #otd #0pLo AGyo, TNV avamTuEn “aooTmy vdRopEomY
GUOTNUATOV KOL TV 001] TWV VIoYElwY VddTOV ote avBparind avtd.

e O lbohoyids aynuomopss o 0moiog B PTogoToE Vet LLVOTONOEL TIS CTCUTHOELS OF VEQS Hattdt ujzog Tov Bopewou
Odixov Agova Korimg, oto i petagi Xepaowijoov - ogiwv N. Aaotbiov, eivan o avBgourd me Toiokne.

e ABhoyovrag 6ha T TOQUTEVE SaTaTGVouRE GTL oL TREOV EVVOIRES TEQLOYKEC Vi TV avevoean *ahric
TOLOTNTUS VIGYELOV VEQOU, ¥WOIS Vo ENMEentoTel To 1§01 vrepexpetallevdpevo medio tmv Makiwy, eival ot
TEQLOYES VOTLRL ek vOTLOdUTIRG TOV otrtopol Koutovhovpdol (Sutind onEirépayoc).
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Ol YAPOAIGOAOTI'IKEEX LYNOHKEEL TQN AAAOYBIAKQN IZHMATQON TOY
API'OAIKOY ITIEAIOY - YAPO®OPOI EXHMATIEMOI'
ILK. TIANNOYAOIIOYAOX'

IYNOWH

O mouites MBlootpwpatoypapixés Epeuves Twv chhovPiaiv Wnudrov Tov Apyohixot mediou mou yivay
aug apyes mg denaetiog Tov 1960, nepopiovray 0To ®eVIQIXE *au véTo Twjpe Tou %o oe Bdabog péxor 60-70
pétoa mepimov. Me myv eneEepyacin mpéobetwv otougeiov, 1 magovon €pevva enextdbnxe o Bdfog xat
EXTALON PEYOLTO TOUXTIRG adlamépaTo vndfuboo tie hendvng xow Ta eoBdoLe e Tediddog avrictouya. IMpoo-
dropiomxe 1o €100 HaL T YEWUETOIRG, ACQUATNELOTIXA TWY VOQOPSRWY OYNUATIONGY. TO HEVIDIXG Ral VOTLO
Tjpa mg medddag amavtotv ve Tieon v&EOPGEOL OYNIATIONOL, TOU HUAUTTOVICL ETUPAVELURT OTI6 £V EXTE-
Topevo oTpdpa epuBpds payaing apyihov, evi mpog To nepLdpLd mg avarmicoovia ehetBegot vdpopSpot
oxnuatiopol. To véfaboo tav vdpopdowv oynpuatopdy arotekeitan ®uping and QMoK ®aL exTETOPEVH
aQYthidn WGijpata eve xard BEoelg anaviotv eEGpoeic pecolmmdy aoBeotoriBuv.

ABSTRACT

The alluvial sediments’ stratigraphy of the plain of Argos (Greece) has first been investigated during sixties
in order to assist the study and confrontation of the seawater intrusion problem in the area. The need of em-
ploying modern modeling techniques for the simulation of groundwater flow and pollution transport in the
aquifers necessitated further hydrostratigraphic research. The objective of the current research was the further
investigation of the hydrostratigraphy not only in the central and southern part of the plain but also throughout
the entire plain and further deeper up to base of the aquifers. Specific geometrical features of the alluvial
sequence were sought such us the base and the top of the aquifers as well as their structure.

Thus, all the available borehole logs were collected, mapped in the field and classified according to their
accuracy and their detail. Thirteen hydrostratigraphic sections were drawn. It was found out that the central
and southern part of the plain is covered superficially by a “clay cap” which consists of red — marl clay and is ten
to twenty metres thick. Under this clay cap, a number of confined aquifer layers is developed which are progres-
sively merged towards the periphery of the plain to a single unconfined aquifer thus forming “Piedmont” type of
deposits. The sediments’ bedrock includes various kinds of alpine and post-alpine sediments such as flysch,
limestones and Neogene marl conglomerates and extended clay layers. Its’ shape has mainly been controlled by
various normal faults and tectonic movements.

AEEEIL KAEIAIA: Agyohxd nedio, ahhovBianoi vdgopdpol, Mbootpwpatoypagic.
KEY WORDS: Plain of Argos, alluvial aquifers, hydrostratigraphy.

1. EIEAI'QI'H - IETOPIKO

H vropdabuuon g moidmrag twv vadyewwy vepdv and tv vpahpigvon, oto téhog e dexaetiog Tov 1950,
TQOUEAAVOE TO EVOLPEQOV SLapGmV VINEEOLHY %o emomuévay. Metd ond TQORATUQKTIRES EQYUTIES, TOV
Ampiho tov 1962, cuotdaBnue opdda epyaoiag QIOTEAOUREVT TG EXTOOOMTOVE TWV EVOLUPEQSUEVOV Ymoup-
yelwv (Y.Z., Y.AE, Y.T, xaw ITEY), na0dic #ar ond epneloyvapoveg tov FAO xaw g TAHAL Ltd ) onoia
HATAQUOE EVQ YEVIXG TOGYQUILC EQEVVTIXGY EQYQOUDY Kt HEAETMV YLa TOV TEOOAOPLOUS TWV VOUTLHIV
6wV ™G Aexdvng Tov Agyohxot Iediov xaw ™y védelEn pétpwy YO TV QVTLPETONLON TS VQaAUUOLVoNC
Twv vépogdpwv opdviwy. To oxenxnd nEGYQOupa HoTaQTiomKe Ta €1 1962-63 ondTe Rl doyLoe Gueca n
EQOOPOYY] TOU.

Ze du agopd oT TTEWUATOYEApIa, TO TEGYOUUI GUTS PETHED Twv dAAwv neptehdpPave mv extéheon 60
EQEUVIITIROV YEWTOOEWY, ILE OHOMS T1) AENTONEQT OTEOUATOYOUQUA] EQEVVE TwY arhovBuardy amoBéoswy, Tov
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#aB0DIOUS TV TEQLOYLY TOPODOOINS TWV VOPOPGRWV GYIPATIONMV XL TV vdoavhxdy Toug oty (S, Sy,
T, K). H extéheon TV TUOATAVO YEWTOHOEWY £yive L6 Ty exiPheym Tov yewhdyov A. Fakéov, M. ©dvou xa
5. Zéopa o1 omofor aoyoRiinHay ETMUELDS HE TV ouhkoyi, aveayvaiplom xaw alokdynon tov MBokoyirtey Sery-
RATWY %o T OUVTUEN TWV OYETLROY OTOWUUTOYRUPLADY TOPWY TV Tapamdve yeoteioeny. And g 59 yewtn-
geic (Zypina 1) wov tehund €yvay (Oxrdpoiog 1962 - Mdiog 1964).eMjgpinoay 938 deiypacrc, Ta omoit eEETGOTY-
ROV PUROOOROTAG nat €V péQEL purpoaromxnd. [ mv axpipéoteon dudyvwon mg MBohoyraric Toug ouoTaong
% Ty dudxolan avapeon ot aoPeotéhbo - pagyaind aoPeotéhbo - paoya - papyaixy @oyiho mpayparoronjt-
®ay aoPeotopeteioels o8 Gha ta defypara. H puroomahaoviohoyuri eE€Taom Twv aroMbopdroy zatéom) adu-
VU L€ (TOTEAEOLLCL VaL YIVOUY [LOVO [UHQOOXOTULES TUQATIONOELS, [ oromo 1ov #aboplopd yepoainy, Bahdo-
GLoV 1] %ot Mpvaiov gaoeny, #abeg %o T1) CUOYETION TWV TOPGY TwY yewtpfoswy. H eneEepyaoic twy OeO0pE-
VOV quTiv Eyive Tehid 06 1o Yewhdyo A. Tahéo, o omoiog CuvETaEE jua oe1pd AETTOUEOWDY OTOWIUTOYOCPLALEV
Topdv. O mapamdve yeateioelg égravay oe fddog 60-70 m mepimov xa o¢ alyrOLON WE Ta oMpeovd dedopEva
EXPETAAEVONS TV VDPOPGOWY CYNIATIONGDY HT0EOTY Vit YUQUATELOTOUY oV Thetoymepic Tovg wg affabeis pe
eEaioean Tv 5" epevvnmia, fafovg 300 m, aTo P€co TEQITOV TG CATIS TOV Apyohtnot xhrou (B Zjpc 1) #a
oy ooy mhoteia mg koweTrag Avugr, Babovg 617 m (AM. 3438). Oumapumdve YEWTONOELS OTO GUVOAG Toug
OUYREVIOMVOVICY #UQTg 0T Tapahiont] xow oty revipudi Lavn tov Apyohunot ediov, Zuvemic ) 16te hbo-
CTOWRATOYOUQIAY EQEVVEL Tay pev AeTTOpeQYS, ahhd TepLopLldtay ®uplng omy mopuhtam row weviora Lo
v o8 Pabog péyot 60-70m (Pr Oeodmpdrovhog o [amamérgov — Zapdvn, 1970). H yewhoyio tov ahmxay
OYNUOTIONGY TIG EVOUTEONS TTEOLOYKNS TOTEREL EEXWOLOTE AVILLEIIEVO, ILE TO omoio aoyoMiBnray ®ard ®apovg
ool eQEVVITES Grtog 1. ot Philipson 1892, Dercourt, 1964, Tdaragng ».a, 1964, Tdragng xat Kohhépyne,
1965, Towahwde, 1968, Mamaorapatiov x.a 1970 w.a.

2. AIAGEZIMA ETOIXEIA - MEOOAOAOTTA

SV Tepovo0 EQYHOTCL ETLYEIQEITAL 1) ETEATOON TOV TUQUTAVD gpevviv o pabog ahhd wal OF ExTaom HE
aromé MY wronimman g 6hng Mbootompatoyoaguric doprc Gyt pévo oty TOQARTICL RO OTHV AEVIOURY] TTE-
ooy Tov Apyohwou Tlediov, 1 omoie eiye dueon oy€on pe To TESHAnpa mg vpapipvong ohhd ®a ota
TeOIBGOLA TOU G0V 1) YEwAoytxr] Sopj EAEYYEL TOUS PMXAVIOHOUS TAEVOLXIG %O ROTARGQUENS Tpogodoaiug
TV V0GRV TYIHATIONMV.

Sty vdpoyEwhoyt| EQEUVE TO EVOIAPEQOV ETUKEVIOWVETOL OYL TOOO aT¢ OTOMUATOYOUPIAR YUOURTIOL-
OTRA TOV DGOV YEOAOYIROV OYNUOTIORY, fe ™V xhaotu] évvola mg orpwpatoypagpiag, ahhd ot TaEwvo-
Mot Toug avdahoyo PE T CUPTEQUPOQE TOUS TV %ivnom Tou vrdyelov vepol. “Etol dev yONOLHOTOLETAL O
6pog orpwparoypagic, ahrd o 6pog “Aboorowuaroyoapia’ 1 “vépoorowuaroyoagic (hydrostratigraphy)” (Ph.
m. Anderson and Woessner, 1992)

Sro Apyohuxo medio map’ 6Tt €gouy yiver TeQLoodTepeg aitd 15.000 yewtprioels, EAAYLOTES A0 auTEg EOuV
amotvmBei ot Yewhoyués Topé. Temhoyurés TopeS VIdEYovV Yio Tig 59 eQEVVTXES YEWTEYOE ic' (déopeg)
e eptédov 1962-64 xaw ya 70 wepinov TaoyyIres vdpoyewToroEls”, oL Rataorevdomray ard ™y YEB
tov YILTE. (Epijua 1). Ot mpdteg epeuvnunés yewtohoels £dwoay oyeTund LETTOPEQDY] OTQWUATOYOUPLRA
oroueia, yori éywvay pe hijym Tupriva e GAO TOUS TO WIHOG 1} HE XQOVOTIAG YEWTQURAVT, EV() OTILG PETETELTC
vdpoyewTEfoELS HaTayodenray, and v YEB tov YILIE, otoyeia oe 6u agopd om Béom twv vdpoipWV
OYNUATIORGY TOU SLaTErfnxay, OTO TEYOE TOUS e TEQLYQUPIXA OTOLYELD YLOL TOUS aTpwpaToyUQLURoUS 0piCo-
VIEC TTOU autavTiOnray, Gyt Gpog 1600 axgLPl GO0 CUTd TwV EQEVVITIXMY YEWTONOEWY. H aEohdynon chwv
QUTOY TOV TOPMY YEWTOHoEWV Propel va Suoel mepartéom TANEOQODIES Yl T YewpeToia arlhd nou yio To
£(80C TV VOPOPGEWY TYMUATLOPEY. Ot BECEIS TOV 59 EQEVVITIRGV YEWTEHOEWV 1} “Aegudy yewtonoeay” (BA.
Syince 1) éxovv TEOoBIOQIOTEL HE TOTOYQUMUAT] CTOTHTWOT ®at ElvaL Yvootég pe axpiPeta, eve) avriBera o
Béaeic Twv vrohoimwv vdpoyewtofoswv me YEB €yovv mooodiogiotel pévo a6 TEQLYQUPLHA OTOLYE Yict
Tov 1dLoxTim »abde zow Tomavipe. “ETot, pE Tig 1oavapeQOueves duoxohies xat pe diaiteen meoondbeLa,
evromiomxay oto Tedio wow yaproyoagrinzav Gheg o1 vdgoyewrproels s YEB sov digbetav YEMMOYIRES
topéc (Tavvovhénoviog, 2000).

H 6\ otpwpatoypagi emova ouptnewinue axdpm pe topgs 10 EQEVVITIXWV YEWTOOEWV, TOU EYIVaY
ot mhaiou TEGCEUTOU EPEVVITIXOY TIPOYOGHIATOS TOV TTIA® nafoic naw pe dExa TOPES YEWTONOEWY EUTTAOV-

1 Srpwparoypagixal Topai Egevwnuxdy Tewtpioewmy Agyohirot Iediov. Yrovpyelo Mewpying (YILTE), Yaneeoia Eyyelwv Behuwoeny
(YEB), Avoig I, Mewhoyixdv Egyaonjplov, Athjve 1966.

2 Topéc vdpoyewtoioemy and to avilotoya agyxeia ms YEB tov YIL.TE. Athjva.

3“Xpnotpomroinon yie dodevon Tov vepou Tov gpdypatos Kiepiov Apyokidag xa magaxohoifnem xal CVTLPETERTLON] TS VEUAIIRWONS TV
Apyohwov mediov”. Emompuovixds vrenbuvog A. TMovkoPaoiing
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Hydrostratigraphic sections

0 2,500m
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Zynjua 1 Andomomuevos vdpodiBoloyixog ydons Tov Aoyodixov mediov. Ofoeis yewtprjoewy xar Atbootpwna-
Toypaqixey Topwv (PA. Exyjuara 2, 3)
Figure 1 A simplified hydrolithological map of the Plain of Argos. Positions of boreholes and hydrostratigraphic
sections (see Figs 2, 3)

TIopoY 7oL avopUybnxav 1o 1994 xatd wixog me dudpuyag Kifepiov (B Zyjua 1). Emiong atwoloyinzov
AMOOGOQIES YEWTQURAVIOTHV, TOU agopoloay ot 55 yewtoroels, mov €xouvy avopuybel oe didgpopa anueia
e neduddag. “Etou 1) G 0T0mpatoypaqit] ElxGva Tor TEQLYQAMETOL 0T GuVEKELR Baoiomxe Ovvokird OF
150 yewhoyinéc TOPES YEWTONOEMY RAL TANQOPOPIES YEWTOUTAVIOTHV Yo 55 emmAifov Béoeig yewtproemy. Ou
axoBels OfoEls GV TWV YEWTONOEMV CUTHY OTMIS TEOERVYPAY A TNV amoypapl Toug, ®ubug xat oyeTrd
TinpogooLaxd otorgeie yewtojoewmy rapovatdtovial oto Zyqua 1 (Twavvovidmoviog 2000).

3. YAPOAIOOAOI'TKEE LYNOHKEL

Tra mhaiowa e Abootpmpatoyoagiric £pevvag £yive Tpoondieia Tpoadioplopoi g BEong Twv vdPOEG-
WY CYNUETORGY 0T0 Yo, TTpoadlopiomxe 1 opogr %t 1 pdoy Ty exaliijluny vdPOEGpWY OTPWIATWY OV
avartioooveon ota petahmxd 1hjpata me tediadag, vabac ®ol Ta GLe TV ETREQOUS VOQOEEPWY TYIHILTL-
opay. A T ouvieon Ghwv Tov Tapandve dlubEoyny otpmpaToypaprdy arolyeiny, ouvidymuay 13 hbo-
OTOWUATOYOUPLXES TOPES OV RahUmTowy 6k v €xtaoy Tov Apyohixol mediov, Zyedidotnray apymd o
whipaxa 1:5.000 (opildvria) wou 1:250 (rataxdpugn) #at vroroylomure 611 aviotoryoly oe abpolotind pijrog
126.95km. O topég avtég mapovotdtovial ota Zyfpata 2 wat 3, eved ou B€oeig Toug oty meduddo gaivovial
oto Tynpa 1. Z1n oviviar tovg débnxe onpaviia] fopim e 0to daymElopd adQONEQWY Kl AETTOREQEV
iudtwy €101 dote, 08 CUVOVAORS 1E T howtd TepLYpuqLkd otouyeic, va duaxptBov xahitepa o1 udpopspot
OYNIETOROL and Toug apythxrotc opilovies »abwg emiong %o 0 EOAOS TV VIGAOTMY TOAMPIRTOV IKNpdTwy.
Xapurmolotizol opiovreg odnyol oty otpwpatoyoup] ouoykEtion ooy ol dudpopot 0pilovieg Tipgng, TO
YOWDUO %0l 1) OVOTAON TOV YOV Inudtoy, xabdg o 1 orpopatoyoagiir] axolovbia xow exaiinhic Tov
dagoowV IUATOYEVHV TELQWV.
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Zypjua 3 AiBoorowuaroygagixés Touss Apyoiixov aediov yevirijc dievblvvans A-A (BA. Zyjua 1)
Figure 3 Hydrostratigraphic sections of the alluvial sediments, E-W oriented (see Figure 1)



Zyijua 5 lootyeic xaumvdes Tov adianéparov
Figure 4 Thickness (m) and regional distribution of vadpabpov.
the clay cap Figure 5 Contours of the aquifers’ impermeable base.

‘Onwg avagéplnre, 1 expetdhevon Tav vBOOPERWV TYNUATIONGY £xEt emexTaOel ®atd TIc TehevTaies de-
naetieg o€ fdabn peyahitepa amd 60 m (ovalntdron vepd oe Bdbn péyot xo 300 - 400 m). Zta fdbn avtd, omy
noapdxTio Covn, To dedopéva and Pabiés yewtonoeis eivan apretd nepoplopeve. Ol Babitepec yewTorioeis e
YVWOTES TOPEG oV mopdxtia Cavn eivar 1) 51 epevvnmuni oto péco tyg mapdxtie Covng (fdbovg 300 m), dio
eoevvnTIRES YewTONoELg ™S NEug Kiov (Bdboug 150) xow pua axdun oy meptoy] mg TiovvBag paboug 150 m.
Az6 v 51 epgvvn T YEWTENON TEOERVYPE OTL HEYOL TO Bdbog Twv 300 m amaviotv dudgooa vHpoEEpe OTRWM-
100 ahh@ cvtd mov Polorovrar oe Pdbn peyalitepn and 120 m dev €xovv aEwohoyn vdpogopia. And tig Mboko-
VIHES TEQIYOUWPES TV TOOATAVY) YEWTONOEMY, TOORVATEL GTL TNV REVIOLAT] Hout VOTLL TTEQLOYY TOV AQYOhiroU
nediov og Piln peyariteoa Twv 60 m vraEyEL wa emaiinilo VECOPOEWY CTEWUETOV TOV EVUALACOOVTIAL NE
apyuhird orpdpata peyot to fdbog Twv 120 m ®dtw and 10 0TOI0 KVQUUOYET EVH EXTETAWUEVO OTOWIE CoYLAM-
ddv WwWnparov.

Extdg amé ) dopn o Ty ovotaon tov ud00@eomy ONUUTIONGY, IOLGTEQD evOLapEpov mapouotdlel wain
7WOLK1} TOUS ratavop kol Wiaitepw 1 Bom g PAoms “ai g 000g|S TV TEQUIavVE etalhiiny vdoopopwy
gyuaTiopwy. Xe 6Tl a@opd O CUOTHOT TOUS, 0L VODOPEEOL TYNUATLONOL CToTEAOVVTL (T oA XhaoTind
vhd to omola Stampivovral' oe xAMrES, yohromoyt — xporahomoyy, coPEOTOMOG CUYHOIIOTL, (O, HOO-
waheg, Yappiteg — ymydomayr, Yynepideg, roparhioyeveic opilovies, Todneles eheopatofoayyiny #at #HvoUS
HOQONUATWV.

Qg opogr propel va Oewpnbel To oYArS RAAVPIC TOV ATaVTd OTNY REVIOLXY %ot voTia Livn Tng medid-
dag (Ph. Zy. 2,3, 4). O A. Takéog, vo 1967, petd and m hemropepr eneEepyaoia tmv dedopévay Tmv e0evvITL-
ROV YEWTOHOEWV', CUUTEQUIVEL OTL “...TO peyaiitepo Tjua tov Aoyolixod mediov xalvnteral empaveiands
VG OTEWUATOS oNuavTixey Tdyovs €& adianépatov pagyaixic apyilov...” evd, “.. ta vdpogdoa oroduara
Aaufdvovy Ty mhjon avdrrvEn avrdy uetd ta 15 m fdbog mepimov”. To otpwpa avtd g gubpds pagyainrs
apyihov, oe oy€on e 1o TEM®G fdbog ddtonomg Twv GUy¥ovVOY VOQOYEWTONOEWY, UTOQEL VO YaQaATNOLOTED
g EMUPAVELXO ®ol propel vo opLoBeTnBel pe oyennd wohj axpiPera yiorl ota fabn mov exteivetal (0-20 m)
vrdapyovy whnpopopieg vyniic afomotiag, axd oheg oxedov g dabéoes topée yewtmjoemv. Amd my
eneEepyaoics GAwV TmV TOPMY TOV YEWTONOEMY TQOEXMPUY T0 GOLL RAL 1] YEWUETOIN TOV RUAIPUATOC (UTOU Hewt
mapovordlovrat oto Zyfua 4.

1 Mehémy eni o (ahhovfrazey) anobécemy Tov Apyohxot Tediov dia Ty EVREGLY TS TUITEQLPODAS KAt TS YOONTHOTTAS Tuy vdpOoGd-
pwv avtod. Ymovpyeio Tewgyiag, YEB.. Ynd A. Fakéov, Abhjva 1967,
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Ya6pabpo twv vdp0@dpwy oynuatiopev eivar xuping o prioyns me svémrag me ITivdou - MMehayovinis,
T TThetonawvind wporohomayn xaw o8 peQrd onuele oL pecotoixol aofeotéibor g Ynonehayoviziis ot
0moioL 0TI MEQLOOGTEQES TEQUTTMOELS edpGLOVTaL 1f Tapepfdilovial oto @hioyn Adyn enwbioewmy rat EQUIT-
nevoemy. Ze Tohhég DEoELS 1lwg OTOV ®EVIOXG o YOTIO TIjpa TG Tedddug, o phioyng amavtd oe peyaho
pabog 1 amovoudler maveehoic.

Zug Beoerg autég og adtanépato vdfaboo Bewpotvian to exteTapgva apyhndn Winata O Mecoluxie
aofeotéhbog epgpavietar emgpaveland otovg Aégouvg mg Tipvvlag eve €yt emiong amavindel xow ot YEW-
ToNoEls ne AM? 2163, 2683, 2757, 2807, 3042, 4120 (tov YTLTE) %afdc xow otV oevvnmuni yeaTonon (Aéoun)
pe aplB. 30 (Pr. Zpjua 1), duowrd, oe 6T agopd oto vadfadpo ™ TedLEdAc oL TANOOPODIES Eival TEQLOQL-
ONEVES 2o eVTOTILovIaL ®upig ata avatohud mg neolnoie. T 1o Aéyo autd extéc ané g Siadéoiec
YEWTENOELS OUVERTUL BNV Hou SLaoTavodinray TANEoQoOiEs TOU TOOERIPY WITG GUVEVTETEELS jE YEWTOV-
TavioTeg e epLoyrs. H poogii tou adiaréparov vadfaboov drwg mpodxnpe and my exeEepyacio Ghmv Tov
TAQOITAVW OTOLYEIWV TapovotdleTal oto Zyjuc 5.

4. LYMIIEPAZMATA

Zuvbérovtag Gha ta SiabEoua orolgeio mov avahifnray mponyoupeva, TporinTeL 6Tt 0T0 AQYoMKG Tedio
avarTiooovaL eNAMNAOL VEOPGEOL TYNHATIONOL OTOVS OMToioVE TTatEepPdAlovTat aoythxd xar coythddn k-
pata. Ze YEVIHES YOURIES oL vdpo@ipoL oynuanapol mov Suaxpivovral eiva:

PoedT05 VOPOPOYOS: UVATTUOOETAL OF JLet OTEVT] AoQide #atd prixog g mopahiaxis Livng and my axmj
pexor zar 200-300 m woog v meddda (Zynjuota 2,3) rol extelvetal and to Namhio néxol 1o péoo mepinon Tmv
AXTGY TOU AQYOM#OU #OATOV. EuvioTaten ®uQlwg o6 LETTOHORHES GUILOVE HE ORI GUUIETOYY] COYIARMY
vhiv. To péyworo fabog omy mapdxtic Laovn @ravel Ta 7-8m %ot avamtiooeTal Tave ard 10 AOYLMHG R
Avppa. H dudxpiom Tov geeatiov autol vdpogepou amd m yahagi empaveian] apythxi edapurr aTEWoN
mdxovg 2-3m, TOV TEQLYOAPETUL CUVIBG OE YEWAOYIXES TOPES YEMTONOEWY ®at 1G “gutt yn” dev eivon k-
hEg opEg oupric. Zuvemms elval AOQUAEOTEQD 0 PEEGTIOE VOPOPAEPOS 0pILOVTAS OV TEQLOYI auTH Ve TEQL-
yodgeta we “Cavn edagixor vegor” apol dev amodidel expeTaleVOIIEG TOOGTITES VEQOU VLG Vit YOQUKTIOL-
otel e TV ®Aoow] Evvola mg 10MepOs TYNUATIONOC.

O aiBude Twv exdnhoy vOEOPEEOY TTOWUATWY OV 0AoVBOTY RATW 0TS TO TPAXTIG UUTEQATO COYI-
M6 ndhoppa pexoL To vePadEo Twv VdOEEpWY TxNUaTIONGY Towkel and Béon oe Béom (Bh. Typiuc 2.3). O
EQEUVITIKES YEWTONHOELS TG TEQLGBOV 1962-64 ouvdvinoay axd 2 fmg 5 vdpopdpa aromiata téyot To Pdfoc Twv
60 m. Akkote oynuaTiLovy SLuxOITE UBOPGOH CTOMOTC EVE) TE UEQILES TEQUTTNOELS (ITTOTEAOTY Ever TOMITAOHO
dintvo, mov €xer Sropoppubel ané tg exdotote ouvihixes Inpatoyéveons. Se yeviréc YOOppES, 0 apBudec Toug
HELDVETOL GG TV TTEQahict TQOS TO E0MTEQIXG TS meduddag, evad mog Ta TepBdoLe e mediadac otadioxd
EvomoLoiviaL o€ €va ehetliego vdEOPGE0. To CUYREXOWEVO VSPOOTEWIOTOYOUPIXG POVTELD Bat PITOROUoE Vi
yeparmowotel wg wirov Piedmont (fk. Mandel and Shiftan, 1981). 1o véno twijpa, omy mopdxna Lhvy, oe
Pdbog 15-20m avanticoetat T TEETO VHPOPELO OTEUIN YOS S €mg 15m To omoio wmoTEAEITML #UOINC ANS
aopeotohBind ovyxpipate. Exteivetar 3 km mepimov om €000 xat omotekel yevind Tov aviteo VOPOPAPO.
Yrduewron evolhayég adQopeomv rhaotinmy vhirdy (dppot, xohixu) pe apythxd ipora ta onoia 0o propov-
0& va heytel 6L 0T0 O1voAG Toug amotehotiv Eva Setitepo VBPOPGRO TYNIATLIONGS 1) PEYIOT avdmtuEn Tov omolou
rupaivetal o€ fabn and 40 éwg 60m mepimov Mo axdpn eradniic vdQOPSPWY oTEWUATMV TOV EVaAdooovTaL
RE RAOTAVI] GEYIAO e pdpya, avorriooetan oe fddn and 80-90 m #ow 100-112 m.

H oagric avni yewhoyni dorj pe tovg draxoitotc v8oogpdoous mov meptyodgnray Sev eXTEIVETUL OF Gho
10 Apyohxd medio, ahhd xvoing oy mapdxtia Lidvn xou ot ardotaon 3-7 km megimov a6 Ty axti. Bopeid-
TEQQ, OL TPELS awTol VOPOPSEOL TElVOVY Vi evoomBoty. e TeQLoYEg GO TapeRBAILOVICL EXTETUPEVT 0OYL-
Mz oTpdpaTe PIoEolY Vi YaQuKTOIOTONY 0g VIS TEoT, ahhd ExE( GOV EMHOUTOUY AOEONEQETTEQM VARG
xepaxmeovial wg HEEIRMS VLS ntieom émg eetiBegol. ZupBatid uropotpe va dexTovje 6Tt N avamTVE TwV
VTG TEON VOEOQOMV EXTEIVETIL PEXOL Ta GOLL TOU Yo xahippatog (Bh. Syvua 2, 3) drov otadiaxd
avuradiotavial andé ehevbepovs.

Ou eheiBegol vdgo@pot exteivoviar ot Laviy petall TV 0plwy TOU 0y Lol REAIPIATOE %o TwY TEQL-
Bwpinv mg meduddag 6mov avarricooviar ahmxol oynpenopol. H fdom toug eivan o ghioyme 1j extetapéva
agyuxd otpwpata (Zy. 5) xow N 0o TOVE TEOTEYYILETML (TS TS AVHTEQRES dlarupdvoelc T eAeUBeENC
EMUPAVELAS TOV VTGYELOU YEQOU.

2 Ov A M. tov avagépovral elvan avtol o opiomxay and v Y.E.B tov YILI'E.
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YAPOXHMIKH ZYMIIEPI®OPA KAI XAPAKTHPIETIKA TOY YAPOO®EPMIKOY
YAPO®OPEA THX IIEPIOXHX TQN GEPMEON ITHI'QN N. AIIOAAQNIAX
(AEKANH MYI'AONIAL, MAKEAONIA)*

I. AHMOIIOYAOX', A. APBANITHE', M. ®YTIKAEL'

IZYNOWH

ARG dOMIPAOTIRES CVTMIOELS TTOL TRaypaToTonjinKuy OF YEWTOHOELS TOV avoixnxay oty TEQLoy] TwV
Oeppiv mywv N. Amorhoviag damotwinxe ¢ ta yembeppuxd vepd tov yeotofoewy drog xat g Oeopric
g, eival Tov tirov Na-SO HCO.. O ynuopde napapéver otabepds ne mv petafaliopevn mapoyxr Gviiy-
ong (Q) xau pe Tov xoovo (t), delyvovrag mv vépavin aveEupmoia Tov yewbeouxol tauevnioc. Mapat-
oelTar pren €xhvon aeploy, ota omoia wupwapyel To N.. H rapovoia H.S, watd Béoeig, eival amotéheaua
PLoymusdy SLudHAOLOV 4ré 0pYavVIAd vTokeinuaTe. i

ABSTRACT

From the pumping tests in wells I'S and I'6 drilled in the area of Nea Apollonia thermal springs, it was found
out that the geothermal waters are classified as Na-SO,HCO, type like the ones from the spring. The F content
of the waters is high and it ranges from 8.7 to 11.2 mg/l. The chemical composition is independent of pumping
rate and duration of pumping. This behaviour is the result of the independence of the geothermal reservoir.
Poor release of gas mainly N, has been ascertained. The presence of H,S in some sites is the result of biochemi-
cal processes of organic remnants. _

AEEEIL KAEIAIA: Ybpobeppuxds vdpogopéag, Néa Amohhwvie, H,S, N,
KEY WORDS: Hydrothermal aquifer, Nea Apollonia, H S, N,

1. EIZAI'QI'H

Zmv mapovioa epyaoia aELohoyoUvTa T ATOTELETUUTA EQEVVITIXOT TQOYOGIIATOS TTOU EYLVE Yia va. dia-
motwbotv, extog Twv Gy, Ta vdgoyMuKd yopaxmELoTIEd Tov Beppot VOPOPOREN g TEDLOYIS TS TS
g Néag Anohhwviog xat va diepgevvnBoriv evdeydueves petafohég Tovg HE TV TAOODO TOU YEGVOU KAl 1) TUYOV
enidoaon me napaxeipevns AMpyng BAAPng om ymuxn ovoraon twv Beppdy vepdv.

Zmv mepLoy] LITHOYE 1 avayvwolopévn wpoat) i N. Arohhwviag (Aovtod Bék-png) Depporpaoiag
48-50°C, n omola ta tehevtaio yodvie Eape vo Byalver oty empdvela ®al 1 avapivon repropiloviay otov
muBpéva poeatiov fdbovg 3 m mepimov. H otdBun twv Beppdv vepiv tepovoitae TpGo@uTa ONIavTixy Tamei-
Vo), #dtm and Tov mubpéva Tov peeation, pe anotéhecpa v eEagpdvion xou mg avdphuong avmic. H tamrei-
VOO (PUIVETCL GTL OPETLETOL OTNV VIOYWOENON TG OTdOpng g mapaxreipevns hipvng Boipng.

Zra mhaiow VO EQEVYNTLXOU TROYOAUPATOS Eyvay 3 YEWTONOELS OV TTEPLoYY Twv T yddv: Mia epgvvnti-
w1 yeatonon (I'SE), abovg 27 m »ow pixons oyetird duapétpou, avolyBnxe dimha 010 o0 ToU PEENTiOn Yict
va SramotwBoy oL VOPOYEW-AOYIXES OUVHI{RES OTOV MO TWV KVOLWY TNYHV. AVO arour EQEVYNTIRES - TUO-
ywywreg yembeppres yewtonoeig: n I'S fdBoug 40 m €ywve oe andotaon 1 m and 1o @pednio Twv myyov xown I'6
BaBovg 37 m oe andoraon 70 m avarohxd mg I'S.

Extig amd Tig YEwToNoelg autég yonowpomonibnxay yio ) perétn xow 3 vndoyov-oeg yewtproews: n I'l oe
amdotaon 53.3 m A mg I'S, n I'2 oe andotoon 124.3 m ANA mg I'5 zaun I'8 o andotaon 255.5 m ANA mg I'S
#at 207.6 m ANA g I'6. Téhog, v inyr I1-3 Poioxeta oe andotaon 41.9 m B g T'S #al o8 ®atdtepo tonoyod-
purd ompelo, dimha oTIc amTég TS Mpuvig.

* HYDROCHEMICAL BEHAVIOUR AND CHARACTERISTICS OF HYDROTHERMAL AQUIFER IN THE AREA OF NEA
APOLLONIA THERMAL SPRINGS (MYGDONIA BASIN, MACEDONIA)
1. Topéas Mewhoyiag & Pvo. Tewypagiag, Tufqua Tewhoylog, AJLO., 54006 Becoukovixn
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2. TEQAOI'IKEL IYNOHKEXL THX EYPYTEPHI IIEPIOXHE N. AIIOAAQNIAL

H evpitepn nepioy twv aywy ms N. Amollwviag evidGooetal 0to tertovind Pu-topa mg Muydoviag
rexdvne. Femtextovird avijzer ot Zepfopanedovint Mdala xow mo ovyxexouéva ot Zewpd Begtionov. To
v6PaBEo g TEQLOYIS dopElTaL ®VElwg Al YVEUOLOUS, HE EVOTRWOELS XUhalITAY XKoL POEUAQWY, TYLOTOAL-
Bovg, apgipohiteg ®au petapoppupéve faoixd etpdparta Takaolwwmnig nhniag, evad 700 m NA 1ov Aovtpdv
ep-gaviCeran o Fpavitng ™mg Apvaiog.

Ta Miswrorawixg WOjpata, mdve oto vacpabo, éxovy mdyog péyot zat 130 m. Zv-viotavrol ®uping axo
UEOGROUKES - AETTORORKES Apupovg (adpo-pepeis paoel) vut MyoTeQo amd hentopepr] VAMrd (paroedels ogt-
COVILES EVOTRMOELD), HE WHOO TOTOOTE YNPIOWV 1ot YOAKWY HOL AHGUY PI-HOGTEQO TWV XOORUADY OV TPOEQ-
FOVTOL GIT6 TO METUUOOPWPEVA TE-TOMNOTE ®at TO YoaviTy. Zroug IMTheotormvirolg oynpanopotc avarrio-
oovrat Beppoi vdpopdpol opitovres mov evahhdooovral pe kemtd orpwpata adlamépammg Tpdovig apyilov.

Truc Béoeig Twv Beppddv avafricewy %ol OV EVEUTEEY TEQLOYY] OUVAVTHIVIOL TRUPEQTIVIXES anobBEoelg
adyovg 0.5-8.0 m, mov mapepfdihovrar ota IMAgloTORUVIRG WKHaTa 1] UTEQHELVTOL QUTOV.

Sy mepoy] Twv Iydv epgaviCovral priypato dievbuvong A-A, BA-NA xat BBA-NNA. X B£ov dmou
Starotavpdvovtal Ta xavovird orypate A-A kot BA-NA tonoBeteiton 1) yéveon mg Beppnig myis twv Aovtomv
mc Néag Arohhwviag.

a4 O
e AIMNH BOABH ‘B)

r‘ls PICTEPUIVAG,
’;///4...".. v..
. L

Zy.1. FewAoyixds ydorne e evovtepns meptoyijs Twv Aov-tpwv N. Amollwviag (Purixag ».d., 1997).
Fig.1. Geological map of the wider area of Nea Apollonia baths (Fytikas et al., 1997).
1.AAdovfraxéc amobéosic, puridia mpooydoewy, arolioeis yewudpowy xar otyypova Atuvaia Sijuara,
2.Muvydoviaxd av-orqua M-A. IMigiordxarvov, 3.Mpopvydoviaxd ovetqua inud-tov (sgvbpés doytiot,
gpvlpooroduara) (K. ewordxawve), 4.Npavitng Agvaiag, 5.Halatolmxol oyroroiiBor, 6.I'vev-o101 xat
augifoiires Malawlwxov, 7.Pijyuata ogatd, 8.Piiyuara mbavd, 9. Odixo dixrvo

3. YAPOXHMIKA XAPAKTHPIZTIKA THX IAMATIKHE ITHI'HE N. AITOAAQNIAZ

Srov ITiv.1 divovral To aOTELECUOTO ¥NUXGY avalioemy Tov mpaypatomoninxay ota Oepud vepd g
wepaTg Tnyc Twv ovtody N. Aohhwvicg o8 didgooa £11, 0TO DIACTNIL TOU VIOYE RGN 1] EMLPAVELLH
avaphoon twv Tyov. ATIoTOVETHL 0 OYETIRE OTAUHEQOS YNILOUOS TOUE OTO YOGVO.

a. Mefodoloyia "Epevvag

[Mpoxepévou va damotmBotv Tuydv emdOATELS TV VEQMY TG AMUVNg O (NuLKt] oU0TaoN TOV VEQHV TV
YEWTONOEWY ROTA TNV GVTANon now Aettovpyia Twv yewtoroewy I'S woaw I'6 ohhd noau evoeyGpeves quotrég
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netafolrés tovg, ooyavebnxe ewdun] derypatohmpic vepou og ddgopa otddia dvtinonc:

) Mow amd v évapEn me doxpaotints dvrhnong mg yedtonons I'S: Axd ) Alpvn, ™y myi 11-3 »al nc

yewtproewg I'l, T2, T'6 wou T'8.

B) Metd amd 307 doripaotinn dvrinon: Zrig yewtorjoeis I'l wou 12,

v) Katd ) didoreta oy doxpaotinay avrajoeny om yedtonon I'5 :

e yatd v Evapbn g doxpaotinic dviknong (2/1/1997) pe mapoy 40 m'/h.

®Otd T TEAOG TS dorpaonriic dveinong (2/1/1997) pe magoyge 40, 72, 118 xau 140 m'/h.
®otd v €vapEn me doxmpaotiic dvrinong (3/1/1997) pe mapoyi 130 mh

petd amo 15 wpeg dowpaotinig dviinong (3/1/1997) pe mapoyi 130 m'h

HeTd and 36 wpeg (téhog) doxtpaotiic dvrAnone pe mapoy 130 m¥h

0) Kot 1 SudoreLt Tov dORLIOOTIRMY avIAoEwy ot yedtonon I'6 :

e xatd v evapln g doxwpaotiuis dviinong (10-11/1/1997) pe mapoyés 34, 95 »aw 120 m'/h
o nord TV EvapEn mg dorpaotig dviinong (11/1/1997) pe rapoyr 158.5 m¥h

e eTd omd 15 dpeg doxpactiic dviinong (11/1/1997) pe mapoy 158.5 m¥h

e UETA amo 24 wpeg (TEhog) dompaonxig aviinone pe wapoyy 158.5 m'/h

Ta arotehéopata Tov yuney avaiioemy tapovotdtovral otovg Tv. 2 #a 3.

Ipoodlopioxay Gha Ta amapaityTo otouyeio, axrdun ®ol HEQIXA vvooTouyeia, Yo va vdoEel mhjong
ewdva ™G ToLdTTag TOo VEPOU ot ouvbhjxeg dviinoms — expetdiievons. H tuydv petafohr xdmowwy otouyei-
vV, and ta xipta 1 1o devtepetovia, Bo propovoay va amoteholiv evoelEels petafohdy mov amodidovrar om
OUUTEQLPORE TWV VIPOPPWV KoL TOU EVOEYOUEVOU EMMEENCUOT TOUS astd T hipvn 1 and dhhovs napdyovieg
(m.y. v avBpamivn dpaoteldtta).

Zrov Iiv. 2 tapovodlovral To TOTEAEOUATA TV LHIIKEY aVeATOE®Y TV DELYRA-TWY TWV YEWTOHOEWY
I'1, T2, T'6, T'S, g myng T3 nabug xow e AMpvng oy amd vy EvapEn tov dorIpaoTIReY aviijoeny. Ztov
[Tiv. 3 mopatiBevion To amoOTEAEOPUTA TWV YNIUKGY AVOAGIOEWY TOU VEQOU TV TUQUYWYIXWY — YEMOEQUIRGDV
vewtporjoewv I'S naw I'6.

I, 1. Xnuixés avaivoeig axd v anyrj Aovrpdy oe didgoga €.
Table 1. Chemical analyses from the main spring of baths at various years.

Xapitéaving,| 1/9/1977 3/6/1981 12/7/1984 Eent.1990
14/6/1933 I.I''M.E. I.T'.M.E. (Enupbdnou— | (Vatseris, | Movtolkng
(EOT, 1966)| (Znupdnou- {Enupbnou- |hog & Enu- 1992) & Nidrorika,
Aog & ‘Enu- [|Aog & Znu- pldng, 1990) 1994
pldng, 1990)pidng, 1990)
T (oC) 50.4 50,2 510 49,2 46.0 46.0
AyoyLpoéinra el 1570 1650 1540 1226 2070
pPH 7.50 7.85 7.65 T 7O 7.87 7.80
XHMIKEZD
MNAPAMETPOI
(mg/1)
Na+ 297.50 278.30 278.30 292.00 277168 339.00
K+ 8.30 8.99 10.16 7.306 751 7.00
Ca2+ 21.50 20.04 20.44 16.70 18.90 11,50
Mg2+ 3.60 2.43 1.70 1.90 1.95 6.00
Fe2+ 0.22 AT e 0.09 0.00 0.04
Mn2+ 0.008 S e i 0.00 0.00
Li+ 0.075 o 0.19 [0 J i | 0.08
Sr2+ o . 0.56 0.94 0.81
NH4+ 1.20 0.01 0.20 i bide 0.20 i v
CI- 39.20 42 .55 40.77 71.90 40.98 34.00
HCO3- 381.00 329.40 331.94 339.00 365.95 336.00
co32- 0D.00 0.00 0.00 0.00 0.00 0.00
F- e ¥ a8 12.00 9.80 8.20 .
S042- 333,10 329.50 354.48 254.57 303.55 362.00
NO3- e B8.68 0.00 AN 0.19 0.20
S5io2 i 43.00 37.00 3800 39.40 39.10
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4. EINIEEEPI'AZIA AIIOTEAEEMATON - £YZHTHEH - ZYMIIEPALMATA

A6 TV UTERGVLON TOV WTOTEAECUATWY TV YNy avelioewy mdve oto dudyoaupa Piper (toryoappuxd
- trilinear) %o v TaEvounon ratd Davis & De Wiest (1966) mpogxinpe ot :
() ‘Ohat TeL VEOA TV YEWTOHOEWV ®at TG 7y 13, thnv Tou vepon g Aipvng. avij-xovy atov (dLo Timo vepou.
Mopdézertan yiee Na-SO HCO, yewBeppuxd vepd.

Ilivaxag 2. Amoredéopara ynuixav avalvoewy oy TIS 00RINAOTIZES avTAoELs.
Table 2. The results of chemical analyses before pumping tests.

NPIN THN ENAPEH TON AOKIMAETIKQN ANTAHEZEQN ETH I'S 30° 30°
AIMNH Tedtpron | Teatpnon Onyf T'edtpnon | 'edtpnon |ANTAHEH |ANTAHEH
-1 =2 n-3 r-6 r-8 orn I'-1| otn I'-2
(ané ~10m) | (ané ~3m) (ané ~10m)
$YEIKO-
XHMIKEEL
IIAPAMETPOI
T (oC) 9.4 38.5 35.0 34.5 49 39.5 43.9 43.0
Ayoyipétnra| 1030 1160 1000 1450 1350 1230 1180 1080
pH 8.60 8.55 7.85 7.:55 8.00 7395 7.75 7.0
TDS (mg/1) 610 770 650 990 910 840 790 740
AAKoALx. P 0.30 0.45 0.00 0.00 0.00 0.00 0.00 0.00
AAROALK. M 5.40 5.05 4.70 5.90 5.90 5.75 5.85 5.19
XHMIKEEZ
NAPAMETPOI
(mg/1)
Na+ 167.80| 241.10 194.40 |277.80| 291.10 277.80 | 247.80 | 232.50
K+ 6.70 7.50 5.40 8.60 7.90 7.00 7.60 5.70
Ca2+ 22.20 20.00 24.80 54.00 20.80 13.70 22.10 22.30
Mg2+ 29.50 2.90 1.40 5.50 1.90 1.30 2.90 1., 20
Fe2+ 0.27 2.90 1.90 0.16 0.59 0.11 0.18& 0.48
Zn2+ 0.00 0.37 0.19 0.00 0.63 0.02 0.02 0.07
Mn2+ 0.04 0.13 0.09 0.07 0.08 0.05 0.04 0.07
Li+ 0.00 0.10 0.006 0.13 0.12 0.11 0.10 0.08
Sr2+ 0.33 0.76 0.53 0.67 0.14 0.60 0.78 0.55
NH4+ 0.00 1.80 0.15 0.05 0.70 0.60 1.10 0.55
CI- 131.40 37.30 42.60 41.90 35.50 36.20 40.80 42.60
HCO3- 329.40| 308.10 286.70 ]359.90] 359.90 350.80 | 356.80 ] 314.20
C032- 9.00 13.50 0.00 0.00 0.00 0.00 0.00 0.00
P- 2.40 9.50 9.00 10.40 11.50 10.70 8.70 9.50
S042- 66.40 240.60 172.50 | 375.50] 318.50 276.50 | 237.60 | 224.60
PO43- 0.12 0.05 0.04 0.14 0.12 0.00 0.00 0.00
NO3- 2.00 1.30 1.20 1.40 1.20 1.20 1.00 1.00
NO2- 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Br- 0.70 0.00 0.44 0.50 0.47 0.56 0.00 0.50
Si02 5.00 38.50 48.50 31.40 42.10 36.40 42.10 44,20
B 0.32 1.05 0.69 1+12 113 1411 0.93 0.89

(B) To vepd mg Aipvng €xel dragopetin ototaon #at Torobeteitar oty ratnyopia twv Na-HCO,CI vepav pe
poogyyLon mpog o medio Twv Na,Mg-HCO,CI-SO, vepdv.

(v) Ze Ghn 1) SLAQHELE TV DORPACTIRGY CVIMIOEWMV TG TapuywyLg Yewtpnong I'5 o Timog Twv vepwv g
napépewve apetdfinrog (Na-SO HCO,) xaw pdhora ou B€oeig Tovg, TEOPUAAGHEVES TAVW OTO TOLYWVIRG
dudypappa wégrovy oto dro oyeddy onueio (Ph. nar Zy. 3).

(8) O mimog Twv vepdv mg yYewBepunig yewtonong I'6 mapépewve apetdfintog (Na-SOHCO,) »ab’ G ™
dudpxela Twv doxpaotxdy avihijoewy (P, wat oy. 3).
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Zy.2. Avaypduuara perapoiijc Tns ynuixis overaons pue To yeovo (t) Téoo yia ) doxiuaotixg dvrinen ue
xAuaxovpevy wapoyrj 0oo xar pe ™y dvrinon ue orabeprf magoyif yia tig yewrorjoeis I'S xai I'6 (a: xatd
Pabuides doxipuaorvaj dvrinony oy I'S, b: »ard pabuides doxiuaoria] dviinony oty I'6, c: dvrinon ue orabeor
magoyr oty I'S, d: dvrinon pe orabepif magoyrj oty I'6). Ilapdiinia ue Ty perafols mys ynuxijs ovotaons pe
10 {, magovordletar xat n perafolsf e ynuixis ovoraons ue g magoyrs (Q) (a,c) »ar g Osguoxpaoiag t
(a,b,c,d) avriorotya.

Fig.2. Diagrams with the changes of chemical compositions vs time (t) for the pumping tests at variable pumping
rates and for the pumping tests at constant pumping rate for the wells I'5 and I'6 (a: pumping test in I'5 at
variable pumping rates, b: pumping test in I'6 at variable.rates, c: pumping test in I'S at a constant pumping rate,
d: pumping test in I'6 at a constant rate). Parallel to the changes of chemical composition vs t, in these diagrams
we present the changes of pumping rate Q (a,c) and temperature (T) (a,b,c,d) vs time respectively.
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To arorehéopara avid, 6rng xa 1o oy. 2 divovy cagéotata Tov apetafinto YNUL-HO ourTio, axoun
KO OTCL TEQLEYOUEVOL L VOOTOLYELC, TOV YewBEQUXOU vEQOU TwV YEwTojoemv I'S %o I'6. Eniong emfefandonre
1 aovoia onotaodimote wobnnic enidouomg Tov vepor e Aluvng otov ynuouds tove. To YEYOVOS (vt Bem-
QOURE OTL ELVOL TTOA OMPaVTIXG, apol DelyveL TN pixon Eug avVUTa T VdPUUAIAY Emrovavia Tou yewbeppt-
#OU TAULEVTION [LE TO VEQG TS Alpvng %ou emopévine v aveEcomoia tov ovonjpatog. To yeyovic avtd evioyi-
EL TNV GOy pag OTL oL avTAOUREVES TOOGTNTES YEWHEQIXOU VEQOT £7MOEGLETAL ehdyLoTa 0md Toug YuyooTe-
00UG EVTEPOYEVELS AVITEQOUE VEOPAPOVS 0PILOVTES %aHt TUVETLIC TPOEPYOVTUL RUTA TO PEYUAVTEQD TOOOOTE
TOU @7T6 TOV TEWTOYEVY] YEWOEQUIXG TapLevTioa.

Eniong, Ta veod twv véwv yewteioewmv 'S waw T6 €gouv Tov idio ynuixé HOUQUHTHOU JLE TOL VEQX TS vy V-
OLOUEVTS tapaTing Tys g Néag Amolhwviag.

Avtd ta Beppd vepd magovaldlovy oyetind ol e ahardmra (TDS ~920 mg/l) evad ) nhextownn ayo-
yuomre epgoviCer younheés pés (~1350 uS/em). And vy eneepyaoia tov OELYHATWV 0TO EQYCOTIHPLO YLUL TOV
VITOAOYLONG TS TOCOTNTAS TV CLw-

00VHEVOY owpandinv ota Beppd vepd Twv yemtorioenv I'S #at I'6 mpogxupay TWES TS TAENE Twv 1-2 mg/
I, wov Bewpotvron mdpw IO YapnAEg raw v’ cvtd oAt wavo-romuixée. To YEYOVOS OUTO ETUTQETEL TNV UTED-
Belag dudbeom Tov yewbeopxmv vepdv oto dintuo petagoods.

Ta SO,* perégovy om oGoTO0M TOV YEODEQURDY DEVOTHY Kot ogeihovral og didhuon Oeotiywv ahdrwy.

Ta vepd eivar mhotowa o F, yeyovdg mov ta radiototv axardhinha yic noon. H avEnpévn mepextindmra
ot F popei va amodobel oy vdpdhuom ghoptotymy 0purtdv (#upine amatitny 1 xou frotim) Tov yoavitn me
Apvaiog xa Twv yvevoiny Tov viofddoou péoa amd ta onoia diépyovral T yemBepund pevotd ong pnEiye-
VEIS SOPES TOV TPWTOYEVOUC TapuEVTON

Ot avEnpéves ovyrevipaoeis Na* progel va aodobotiv om duahvromoinom Na-ovymv mhayiorhdotmv (ah-
ptm) ov amotehel Bepehuiddes 0pVRTS CUCTATIRG TOV YPaVIT) TS AQVaing KoL TWY YVEVOIWY.

Ta évra Lit #ou Sr** ovppetéyouy om aioraon twv yeobeouxndy VEQUV HECC OTCL PUOLOROYLRG, Yiat HOWV
UmOYEL VEOQ, GOLAL.

Eniong n TEQLERTIHOTNTO TWV VEQWY TE00 OF Si0, 600 »aw oe CI' dev eivar diaitepa onpovox.

LR
BB
KBRS
RO
A RS

0

INONANINNIN, 8 J59/AVA AVAVAVAVA
HRRRAIN N G
AA#V WAVAVATA VVVYVN NN Y

% 2% % S SPE o
Kariovra Avidvra
% ei Tou guvéhou meg/l

O A: Nepé Aipvng e Nep& -3 xat Yewtpfioewv
Nepd aviAfoewv I'S M Nep& aviAfoswv T'6

Zy.3. Anexovion Tov axoteleoudray TwY guxdy avalioewy oe ToIyoauxd didypapua xard Piper.
Fig.3. Plot of the values of chemical analyses on a trilinear diagram according to Piper.

- 1807 -



Sro onueio autd Ou EEmer vor emonpavOel 1) e aiEnon mg TEQLEXTIROTTAS TOV vepwv oe NH " petd
mv EvagEn TV DORLUATTIADY VTMOEWY, TO0O e GvTAnon zotd Pabpideg 600 rat pe otateon Tapoy), Aot yio
g dto yewtorjoetg I'S wow I'6. Anh. petd and TAOELEVON JUKREOU LOOVIAOT DCOTIPUATOS (s TV EvapEn g
avinong xow ™ Mjyn tov apwtov delypatog 1 ovyxéviowon NH * avEdvel eAagoods amdtopa xat WET( OTOL-
Bepomoteltar. Avté amodidetar omy dvodo fabitepwy yEWDEQXOY VEQWY YOS TV ETILPAVELL.

Kdm avriotouo ahhd pe agynux mogeia dwmotdvera v 1 NO, xaw PO4. 16via, dnh. magammeeital
GG RO EAGTTOON TS OUYHEVIQWONG GUTWY, YEYOVOS TTOU HTOQEL va amodofel omy dvodo fabitepuv xat
amahhaypévay ané oroladimote avBodmvy SouoOLETTN X EUTTO YEWHEQILMY VEQWY.

H egaopoy tov feppoduvapuxoi noviéhov WATEQ-F twv Truesdell & Jones (1974) €-dei&e on e yew-
Oepuixd veod g Néag Anokhoviag dev mapovotdlovy ol wymhés tég peptis nieang pCO,. Ta veod twy
yewrproemv I'S xaw T6 magovotdovy npés pCoO, 1077 (=9.60 x 107) xaw 107 (=7.52 x 107), magépores pe
CUTES YUYOG-TEQWY VEQWY TNG TEQLOXIS, YEYOVOS TTOV evioyier Ty droyn mg froyevoig mpoghevong tov CO,.
AxGp, Tat yewDEOIAA VEQT TWV YEWTONOEMV KL TWV TINYMY eIVl EAAPOHC OQETHEVH WS TEOG TOV aafeotin
(1s: 0.139-0.316) »ou vrépropa wg mog Tov yahalia (Ts: 0.442-0.594). O Aéyog Mg/Ca hapfdver yapmhéc Tipgg
(0.09-0.22) o¢ avrifeon pe g wpnhdreges (2.24) Tou vepos mg Alwvng. O Aéyor CI/F, CI/B rar CI/HCO, ma-
povotdtovy mapdpoteg Tpes (CI/F: 1.80-2.54, CI/B:9.93-14.5, CI/HCO,: 0.177-0.365) mouv delyvouvy v Umaokn
£vic ovoaotizd Beonol vdpopopov opiltovia, 6mwg Ghlwote damotHinre xaw and ™ pelém Twv voEuViL-
w %o YEODEQWROY Yapu-rmooTirey (Putinog ®.d., 1997). ‘Olot navIng oL Tapamdvm AdyoL dlapogo-
TOLOVVTCL (TG TOUS VIIOTOLOUE TOV VEQOT TS Aipvnc.

Tuc yewtproeig I'S xoaw I'6 magameidnxe afiéhoyn €xhuom aeoiov pe T Lo guoahidny, dxt pévo ratd
T avTAoELS hhd #ou TOMES PEQES PETA amd avtés. Me t péBodo g aveorpapupévg quiing Pogbnxe dum
sapoy Twv aeplnv om T6 frav meginov 5 I/h. TTpoxrepévor Vo TROCOQLOTOVY TOLOTIRG %OL TOCOTIXG T
exhvdpeva afoia mpayparomonifnxe derypatolmpio aepiwy, Tov oTn CUVEKELR avalibnzay ota Eopyoaormiow
tou Ti. Xnuxdv Mnyovizay ATLO. pe ) pé00do g CEQIUS JOMPATOYRO-(PIOS UE YOWUATOYOAPO AEQIWY
Model 3400 Varian, evé o mpoodloptopds g ovyxévipmon tov H.S éywve e m yojon tov avigvevt
ECOLYZER Model 100-H,S Draeger Inc. Zta aéoa folorovral ot OMUavIiiReés Too0tres AEpa, ®UOLWg OTO
defypa mov mpodgyetan amd m IS, Ta amoteléopara tapovoldlovral pe dio 1dmovg: 6mms HETEN-Onxray xi
omwe voroyCoviol petd Ty agoigeon Tov atpoogaipirol adpa (ITiv.4).

To #vgiayo oo eivar To GLwro (N,). Ze mohi jurpdtega mood feloroviar to CH, zaw o CO,, eve dev
aviyverfnray dihot vdpoyovavbpaxes. Etven moki mbaves v vidoyel Ar € JUrQES CUYREVIOWOELS, CALG TO OMua-
VILRO TOO00OTO TOU A oTa DEl-YpoTe »AVEL TOA) dUonol TV axoLf] HETONON TS CUYREVIOWOTS TOU.

H stapovoic tov N, (00g Vo oUVOEETaL e TV cmoouvBEoT 0QYUVIXIY VARGV OTat N HOTOYEVY] TTETOMWHATA 1] RO
V0L TOOERYETE GITO TOV G€Qa OV agyrd €xeL drahvBel oto xurhogopoiv petempwrd vepd (Ellis & Mahon, 1977).

Miv. 4. Zvotaon % ».0. Twv GEQIOY TOV EXAVOVTAL UE QPUOXG TOOTO ad TV omrf TV YewTtoroewv I'S xar I'6 TS
N. Amoidwviag »abds »a1 TnG ovoTaons Tov afpa
Table 4. Composition in % by vol. of gasses that are released naturally from the holes of the wells I'5 and I'6 of N.
Apollonia and the composition of the air.

T'5 TS5 T'6 T6
AEFPIO (énug petprnBnke) (xwpig 10 Q) (6nuwg peipnénke) (xwpic¢ 10 02) AEPADL
I, 5.1 -— 1.3 - 78.08
i, 90.8 97.1 95.3 96.2 20.95
ci, 1.3 1.8 1.3 1.5 0.035
CH, 0.8 : 199 | 2.2 2.3 -
Ar * * * * 0.93
HpS <2 ppm <2 ppm ~ 250 ppm ~ 250 ppm -

* Aviyvevfyxe oe mooootd 0.2% * 0.1, mov mbavdg va opeilovrar oy Tagovoia Tov agoa

H ehapod oopr vdgobeion, Tov damiotanze zord mv dviinon g 6, pag odfynoe omy avdyx oupmhi-
pwpaTiric Serypatohmpias yio va mpocdloptodel 1o dahupévo vdeébeLo ato veEd. Ta amoTeA£opaTa TV ava-
Mioewv €deiEav, 6L To vepd Tg yedtonong I'S mepiéyxer HS omy apeintéa moodmra twy 0.1 - 0.2 ppm (6010
e aviyvevomg mg pedddov) evi to veos g I'6 nepiéyer HS oe agoomueinm rogdmra mov ghdver ta
8.58 ppm.
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H guow] duadieaoio tagaywyns H,S eivar Broymuua xal @aivetal 6Tl qutd moofoyetal und avaymy
uepovg twv SO,” o€ €va avaepoplo xat aveywyixd TeoPAAOY VTG ™V EXidpaom vaToWwY faxmoiwy. ATd g
vewtojoewg -1, -2 wou I-6 g mepuopic Twv Aovtpdv damiotdbnxe 1 okt peydin mapovoin opyavirdy
UTOAEPPATWY OF #aTGoTaoN anoatvBeong, mou dixalokoyoty aumij m dadiraoia. TETow avaywyind meot-
parrovra oe dudgopn onueia g maodybiag Chvng g Auyng BoARng o v ty exidoaon Paxmoiny, mou
Covv oe avepdfreg ouvbixeg, mooofdihovy ta SO, row oxnpatiCovy H.S. Extdg amd mv mpoofoki twv SO 7,
ontd T 1due avaepopia xal avaywyrd teptpdiiovia o progoioay, AGyw TS atocivIESS TV 00YaVIRMY
VARGV, V0L TOORUAEGOUY TO GYIUOTIONG cuTol Tov aepiov. Aveifeta, 1) 0E&idwon Tov H S oe emupaveiond veod
madyet veed mhovota oe SO, (Ellis & Mahon, 1977). Eniong, 1 emagr vdpogdpwy epmhovtiopévay ot SO
ue apylhoug mhoviowug o opyavind vroleipnara duaohoyel my mapayoyr H,S.

H dragopd omy meptertixdmra tov vepuv ot H,S petali tov yewtoioswy I'S xat T6, mov améyouy péhic
70 m, prrooei va ogeiheton oty TomHY apEn evvoixol avae-poplov, avaywyixol teptfdihoviog. ‘Allwote,
avdpeoa ota vdgomepard Wijnate ™mg -6 Tapepfdliovial #Amow WXEG OTEYAVA OTOMIATO IOV TEQLELOVY
AOL OUTEOQUTA VAKRA (0QYavirRd VTOAE(pOTH TOV (moTEOnray Tomxd, mbavoture Quxoeldus, ot Tahudtepo
Mpvaio mubpéva). EEdhhov, ané makadrepn égevva (PPC & ENEL, 1979) dwmiotdbnxe éti to Eh deiyparog
azd T 7y Tov Aoutpdy ritay +0.285 Volts eva amé myv iy I1-3 vitav Eh=+0.900 Volts, Tipéc mou deiyvouy
oEedwnnd mepifdriov otig Ofoeig avtéc. O ofeldwtnds yapuxmious 0To veos ™S myis Twv Aovtowy
(Eh=+0.82 Volts) diamotwOnuxe wow and tov Vatseris (1992). Ze éva tétoto negifdrhov 1o S Boloxeton pe m
oo SO,*. AvtiBeta, veod mg Mipvng Borfng (and ardotaom 100 m amd myv axni, prpootd and my my -
3) magovoualer Eh=-0.100 Volts, mov eivan deinmyg ehagowg avaywywrol tepifdrlovios. Téhog, 11 Prohoyuird
eheyyopevn avayoy twv SO * éxer amodeyfel and pic évdeiEn tov M'S twv 36%e (Aluvn BBy, Medronom
ITME) (Jackelen H.P. et al., 1986). To yeyovog 6t oe xdmowa onueic 1o Eh eival aovnuxd evi o ahhoi
BeTino, OElXVEL TOV TOMIXG %Ol TEQLOOLOPEVO YUQUKTIOM TWV UVAYWYIXGOV TEQLPUALSVIOY.
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H IZHMATOAOI'TIKH KAI ETPQMATOI'PA®IKH AIAPOPQEIH
THE NHEOY XI0Y ETHN KATEY®YNZXIH EINIAYEHZ
TON YIIAPXONTOQN YAPOTEQAOI'TKQN ITPOBAHMATOQN

A. ZEAHAIAHE' & II. ABPAMIAHL

ZYNOWH

To vnol g Xiov ywolomue o TRl VOQOYEMAOYIHES TEQLOYES (Apdvng, Mepofiying wan Mapabofouvi-
ov) e Pacn ™y oTomparToyop dudobowan Tov ool ®al TS avdyxes Tov ot veed. H neployi tov Mapa-
Bofovviov ywoelotre ot TRElg vomeLoyEs (Aayradds, Bpoviddmy nar Katappdxt). Zg Toelg autég vrome-
owoyéc exteléomray 40 yeomhexrtowés diaoromiosis mov E8etEay mme oL vdPoQopiEs evromiLovial T6o0 Péoa
oTovg avBpartols OYNUATIOROUS GO0 X 0TS Evakhayés vhaotundy - avBpaxirnoy metpwpdroy. Zug vdooye-
whoyirég hendves “Kopaxdon” now “Kahapmnic”, 6rov napovotdfovral #ot Ta EvTove mpofhijiata, Tolotrg
vrofdduong nat TOoOTIE AVETAPKELNS TQOTEIVOVTAL £0Y0 EUTAOUTIONOY TWV VdPOYPEpmY aflomoinar twy
EMPAVELARMV ATOQQOWY, e £0Y VOQOUATTEVOTC.

ABSTRACT

The Chios island, based on its stratigraphic composition and water needs, is separated into three
hydrogeological areas. The central part of the island, with the greatest needs on water, based on both human
activity-tourism-agriculture development and stratigraphic composition, is separated into three sub-areas. Into
these sub-areas 40 geoelectric soundings have been carried out, in order to solve stratigraphic and hydrogeological
problems. The soundings results showed that the aquifers developed within both the carbonate deposits and the
clastic - carbonate bed alternations. In the two existing hydrogeological basins, in the central hydrogeological
area, of “Korakari” and “Kalamoti”, quality deterioration and quantitative inadequacy have been observed. For
these hydrogeological basins aquifers enrichment works are suggested, whereas a significant help to affront the
water deficiency is both the surface water discharge exploitation and a new borehole drilling project outside the
Korakari and Kalamoti basins.

AEEZEIZL KAEIAIA: IDnpatohoyia, Ydpoyewhoyirés Zuvbirec, Nijoog Xiog
KEY WORDS: Sedimentology, Hydrogeological Conditions, Chios Island

1. EIZAT'QI'H
1.1 Isvizxa

‘Onwe 6ha T vioud e EMGdag étol v 1) Xiog mapovoldlel £viovn owrionnt] ®oL TovoLomxy ovartuin
®uplwg Toug Bepuvols Jjves, TOV 08 CUVBLOOUG pe ™V aypoTIHY dpaOTNOLGTN TN, AVTLRETWIICEL Pyl TIPO-
Brijucra Gdpevang ol dpdevone oe oplopéves meployeés s, H otpwpatoypague dudpbomon #dbe vnowod o
HOUTOHEQUOTIORGS TV TETEWUdTwY eE attiag g textovirtg dpaomptdmrag, to yaunhd mpdpetoa twv fou-
Vv, EVEL OL TREAPETEOL TTOV EmNEediovy ®ipla TV LOPOYEWAOYIL TWY YNOUWDY. ZTa TEQLOTGTEQC YNOLd, GTWg
%ot otn Xi0, vITdeyovy TOAES EMUPAVELOHES ATTOPQOES OTNV TAQAXTLC THVY OV CUVOEOVTOL ILE TNV TEXTOVLXY
O TN OTOWUATOYOAPIC TOV Y1OLOU.

Topgwva pe Toug Mrdvog z.a. (1995) to vnol g Xiov propei va yoptotel pe fdom 1o yew-mepifdilov Tou
wnawol og tpla vdoanrd duapepiopara: 1. Apwotoag orn BA Xio pe dvo Loveg (Apawis xar Bohooot), 2. TTu-
notoag om B Xio pe toeig Liveg (Tenvaiov, Aehgiviov xou N.Mowic), ot 3. Katoywpiwy oty K zow N Xio
pe mévre Caveg ( Peotav, Kopardon, Asvrwviag, Katpdon nar @avev).

Zrondg Mg Tepovoag £0EVVAS EIVAL 1) XOTAYQOEY, 1) HEAET %ot 1) TUEWVOUNON TV VSPOYEWAOYIXEY TOO-

* SEDIMENTOLOGICAL AND STATIGRAPHICAL COMPOSITION OF THE CHIOS ISLAND, TOWARDS THE SOLUTION OF
EXISTING HYDROGEOLOGICAL PROBLEMS.
1. Mavemonjuo Marpdy Tujpe Cemhoyiag, 26500 Mdrpa.
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prnudtwy mg Xiov pe fdon m orpwpatoyoagini didkpbowon Tou vnolod, Ty INpatohoyie Twy TETRWUETWY,
™V OALOTIAN, TOVELOTLXY %o ayootixy avarrmugn tov. Emurhéov Oa mpotaboiy 6mov eivar duvardy 1oémot
eniAvong TV VSQOYEMAOYIXMY TEOPANudTmY oV avipeTmmCel To ol

1.2 Zrpwnaroypapixh - iGyuaroioyixh dtapfpwon Tov ynotoy

To ynoi g Xiov dopeitar and TeIg DIopOOETIHG NMAICS TTOWUATOYOUPIXES OELQES, e DLULQOQETLAI Ei-

one (ypatohoyrai ovvBeon ol vdgoyewhoyu ovpmepupood (Eux. 1 #an 2).

wd A: HohawoCwizd (Zhotipo £og zau Tépuio). H oewpd avni pe 0pato mdayos £wg zat 1000 peroa wow
dyvaoto vaeabpo, ouvtifeTal amd ®haoTIRG TETRWUOTH TOV ATOTEAOBVTOL AUOLL (G YOUOVPGRES HE TUOEN-
Bokéc orompdtov rporahomayov, oyotohiBwy xal muptoribuv. Katd Oéoeig oto BA turjpa tov ynowot vrdo-
youv cofectohBirol goxol pxeot mdxovs, eve 0to NA %ot BA tiujua tov udeyouy Heyahitepes EpQavioelg
nehaolwizoy aopeotoriboy, tdyovg 30-70 pérpwy. H oe1pd avnj amotekel 1o vaofaboo tov wotov wol #ohv-
TTEL JUE ETUPAVELOT] ERLPAEVION TO OUVORO Tov BA Tiijpatos tov eved oto vtdhouto viol uEAo ouY rEES Empa-
vE meeg epgavioels (Euw. 2)

B: Meootwiné (Towadixd - Iovpaowd). H ogtpd avnj avammiooeTat aoTpgova ([T Pe yovidon aoupgo-
vie elte pe diaPowotyevy emgaveln) mive oty Ol0d A %ol arotekeitol amd dio axohovdieg Wnpdtwy o
rehUToUY dLa@ooeTind Turjpata Tou ynow (oyjpa 2). H wipla axohkovBic avamtiooeTal 0To Revioumo TUjie
TOU YNOL0U, %t avuratonteiler oxedov To oivoko mg oepdg B, eva 1) devtepn axolovbic avarmiooetal oto
VOTIGTEQO ot BOOLOCVATOMHXS (X0 TOU VIOLOU ®all AVILOTOLKEL OF QG TOO0OTO TS OELRAGS B.

H wipia axohovBia, mdyxovs >2500 pérpwy, amoteheiton wipua and avlparind hipata. To watdrego -
poe g axokovBicg avnic, dxoug <700 pérpwy, aroteheitan and evalhayég avBoarindy nal xhaonrdv Itnpd-
twv. H devtegn arohovbia, mdyovs €wg xat 300 pétpuv, amoteheftol and avlpurind Wuate ®oL povo ot
Bcom e #ow ot peTdPoon 1og ™V VToXEIEV 08104 A EpgoviLeTan oTOWRO Tayoug <20 PETOWV TOU WTOTE-
helTon ommd ®EORUAOTaYT].

Zepd It Kouvolwiznd wyeveg - Ohdrawvo). H oelpd ovnj avartiooetal 0to avatohxd Tjpe tov
wnotov zat amoteheitan and dio axorovdies nudtov (Ew. 2). H xotdteen axohovbia (Tahaoyevig €wg nau
aviTepo Mewdnratvo), tdyxovg fwg waw 500 pétpmyv, avammiooetal 0To fOQLOGVATOMHUG T TOU YNOLOU, XL
amotehefton amd whaouxéc anobéoeis. H avarepn axolovBin (avdtepo Mewdrawo - ?xarirepo [Thedraivo),
wdyoug >250pETomY, OVaTTIOOETOL OTO VOTLOAVATOMXG TUTc T0 Yowod kat amoteheital and avBpanind (-
note e TUEERPOAES POQYUIRMV %att UOYLMAWDY OTPWPATOV.

Ta vhaound Wipata oug o oelpég (B #ar I') amote-hovvicn and Aemrénoxxa (huvéhbor) no and adpo-
peon Wijpata (Gupot waw rporohomoyn).

2. YAPOT'EQAOTI'TKH KATALTALH TOY NHEIOY

Aoapfdvoviag vdyn my Tepurdve otpwpatoypapuki dudpbowon me Xiov, wat 08 OVVOVUONG pE TV
TEXTOVIXY, TN YEWHROQQOROYICL, TNV OWKL-OTUAY] AVATTUEN RO TIg CvAy®ES TOV YNOLOT O veEs (Udpevom dpdev-
on), 1o yoi propei va ywpwobel ot Toel vipoyEwhoyES TEQLOYES, TN BA Xio, m A- NA Xio #aw my K- A Xio
(Ew. 1).

[Mepoy A (BA Xiog): H mepioyj foioxetar BA tou GEova Babeid Aayxddia - Axpa Oupd ®al OUNTITTEL
ILE TNV TEQLOYY GOV €XEL EMPAVEL-axT] avdrrruln pdvo n otpwpa-toyeaguer oepd A (Ew. 1). H meploy €xet
R oot avdnTuEy, oto oUvoho g ExEL aypoTik dpaomoldtnTa xat Eviova avayhugpa (6pog Apdyn pe
VPSpeToo 808 pétoa). OL amalTioelg O¢ VEQS TS TEQLOKIS RUATTTOVTOL HIQLE GG TIS VIIAQYOVOES TNYES B~
tog. OLInyEg auTég (vaL OL TEQLOOGTEQES EMAMYS EVH VITARYOVY KUl TNYES LREETA]-owong. O mnyég dnuiove-
yovv-tau, efte eE' avtiog Tov evalhayov tov xhaouxdv arobéoewv (vdoonepatdv xal un), eite Adym mg vmap-
ENG qardy #al TUQEVOTQOIOEMY AVBQUHIAMY TETQWUATMY PETH TNV XAOOTLXY OELOE, GAAG 2Ol 0TV TAQOUOE-
QoM TV TETPORATOV €5 artiug Tg Textovins. Zmy nepwoyr dev vrdoyovy yewteroeig (Ew. 3).

Hepwox B (A-NA Xiog). H megroy avnj avasrmiooeta dSutnd tov dEova Oppog Abiov - Ogpog Kahopw-
Tic. Ty mepLoy cun €xeL empavelaxl avdrTuEn wipla 1 devtepn axolovBic g oTpmpATOYQUPIAS OELQGS
B, £V0) JUROEC EMPAVELRES ENQPAVIOELS €)€L TG00 TO ROTWTEQO TR TG TN axohovBing g oelpds B doo
%Ol 1) VTORE(PEVT) OTpWROTOYapuAY Oepd A (Eut. 1). Zto olivoko TOUE T¢ TETOMIATA EIVAL EVIOVE ROUTUXEQUL-
Topéva and ofypata pe BA xow NA dievtivoeig (Ew. 1). H mepoy €g1 pEToLa omtominy avdmtun, ®uplog
cypotiny Spaomoidmra xaw dSeVTEQEVEVTWLS TovptoTxY. Xapuxrmoitetal and opahd avéyhvga (6pog Meoo-
Biyhn pe vpéperpo 355 péroa). Ta avOoarixd \Dijpata xatd OE0ELS Elval EVIOVE KUQOTIXOTOMIEVC, EVH) VIA-
¥ouv Tokhd onpelc amoppowy oy emgdvere mg Odhaooag. O amaimjoelg o8 VEQS Tg TEQLOXS XahiaTovTal
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Eova 1. l'wloyixos ydptns m¢ vijoov Xiov dmov Ewxdva 2. Amiowomuévy otoouaroyoaquxi atijin
daxpivovrar o TQELS xUPLES OTQWUATOYQAQIXES ¢ vijoov Xiov dmov daxpivovrar Ta adyn xat o
EVOTITES Xl 01 VOPOYEWALOYVIXREG TEQLOYES OTIC OMOIES rvmog amwobeons Twv oepdv A, B xar I
XwoiaTyxe 1 vijoos. Figure 2. Simplified stratigraphic column of Chios
Figure 1. Geological map of Chios island, where the island, where thickness and depositional type of
three major stratigraphic units and the stratigraphic units A, B, and C are observed.

hydrogeological systems and sub-systems in which the
island is separated are observed.

®wipLe amd v Tl vdpoyewhoyu mepLoyr. Zmv meproy avt dev vrdpyouvy yewtonoels (Ewx 3).

Meproy I' (K - A Xiog). H meproy v avartiooetar avatohixd tov GEova Oppog Kakapwnig - Oppog
Abiov - Axpo Oved xar tapovotalel To peyakitepo vdpoyewhoyird evdiagépov. H vdpoyemhoyin vt
TEQLOYY] WTOQEL VO YWOLOTEL O TOELS ETPEQOVS VIOTEQLOYES, £ cutiag T dLpORETIHIS OTRWHATOYQUPLXIS
ouvBeaNg, TG LOPOPETIANG OXLOTINIG OVATTTUENS %Ol TG HEYOL TWON SLapORETLNS VOQOYEWAOYIXIG EXUETAN-
revong (Ewx 3).

Yromeptopy 1 (Booeto trnjua tne meptoyrc I'). H vromepuoy] aunj amoteheitol OTpmpatoypaqird oto dutt-
#G ™G TUpa Ty TpwT axolovbic e oepds B raw oto avatolixd e Turjpa ®iplo ax’m devtepn axolov-
Ol g oewpdg B xabug exliong vadoyovy emupavelarés epavioels ms oelpds A. H emagi avtdy twv do
OLUPOOETING OTOWRATOYQOPLXTS OUVAEOMS TEQLOYWV ELEYYETAL TEXTOVIXA HEOM pnypdToy pe BBA Sietbuv-
on. EE’ autiog twv pnypdrov avtdy mapoyeteiovial peydheg moodmyes vepol omy mapdxtia Ldvn om fopeia
Xio (neproyég TNoowva zar Nayot) (Ew. 3). To dvuxd tuijuo g vroneponis autis yaoarmeiletar and
évrova avdyhvga (6pog Ininvaio pe vpdpetoo 1186 péroa) evid avriBeta 1o avartolxd T ™me ard yapnhd
avdayhga tov dev Eemegvdve ta 300 péroa. H oviomin now aryootiat] avdntvln mg meptoxnis eivat juxon, eve
OL (VAYRES OF VEPO RUAUATOVIOL GG TIS EMIPAVELUKES EXQOES (TYES emapris ®an vepmhjowong) (Euwx. 3).

Yromeotoyij 2 (xevrowd tunua e meptoyrc ). H vmomepiorn aun] 0T0 REVIOUXG ®ow avatohxd e g
amoteAEiTan oTRWpATOYRaPLR antd g rhaotrés arobéoeis Tov Kawvolwixot vl yapormoeiletal and younhd
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avayhuga. 1o fEOEL0 TG TS AmOTEAE (Tt amd Ty
whaoti axohovBia g oelpde A, evd dvtrd ava-
ATHOOETAL 1] OTOWUATOYOUPLXY OEpd B mouv elvan €-
VIOVE ROTAREQUOTIONEVT €€ cutiag 5 UmapEns BA
#at BA dievBuvopévy pnypdrov wat ragovotdlet €-
viova avayivga (6poc MapaBdpouvog pe vpopeToo
796 pérot) (Ew. 1 = 3). 2o e0wterd ™g EMpL-
VELORNS ERPAVIONS TS ®haoTixig oewpag Tov Kawvo-
Loinol VTAYEL UTOROVIREVT] ETLPUVELURT] EUPOVL-
on avlpuxirdv TETpLIATWY TS ogLpdg B pe vpope-
10 mov @ldveL Ta 397 pétoa (Gpog Kopardpng). Av-
TG 0 WTOROUUEVOS avBpURIROS Gyrog Pakl e TIg TEpL-
parhovoeg ovyyooves arhovfranés anobécelg ovvi-
ototv v vogoyeEwAoyw hexdvn “Kopaxdon”™ (Euw.
1). Zmv hexrdvn Kopaxrdon €xovv exteheotel mohhég
YEWTOHOELS ot TNYAdLA Kol TO AVTAOUUEVO VEQS Hat-
Mimtet 1o >80% g 1dpevong Tov mhnbuopot Tou vi-
o100 (2 Anpor #ow 14 wowodmnreg) #on 1o >70% g
Gpdevomg TV APOEVOPEVIV EXTACEWY TOU Vool H
vndpyovoa vdgogopia Tou acfeotoibinol avtol G-
YHOL ®UpLEL OTO VOTLO THTpa TV, (Xahxerdc- Baoiheid-
Vi%0) ogeihetal omy Umapsn evég BBA dievBuvopé-
VOU OYIOTOS %Ot 0T VOTLOL - VOTLOOVOToR# dletifuv-
on #hiong v otpepdtov. H vomegioy] aum xooa-
#NoCeTon amd mohhég DECELS e EMUPAVELUHES EXGPOP-
tioeig. H yapaxmplotindtepn nepoyn elvat avni mg
repoyic Aayradag - Iavrovxrids - Bpoviddog 6mou
Ol ETUPAVELUHES EXPOQTITELS YIVOVTAL 0TIV TUOARTLL
Caivn. Ou dhheg meployéc yapoarmpiloviar and Oet-

Ewxova 3. Ofoeig yewtpijoewy, yeoguotxagy
OLaOXOTIOEWY %Gt TAPATIONONS ETUPAVELAXIS

A VPOpPETO O oxalgr] e I\T B(Z:t.MGUU'. (repropm zi\wi- i - sdavog,
ﬁatc::oxm TeQuoxt) Neas ) omfcz - Eg‘ POQTIOELS Figure 3. The localities of boreholes, geoelectric
opethovvos oY NogEUBoM KAaORRGY IEpGRDY §- soundings and surface water discharge.

outepd Twv avBparirdy (IEnpdtoy omyv oewpd B
(Ewx. 1naun 3).

Yroneotonj 3 (vorio tujua e weptoxjs ). ZTompatoypagixd 1 VTOTEQLOYT] CUTY] GTOTEAETOL OTRWHIATO-
yoagurd ®ipLe omd To avdtepo Twijua g oewpds I (avBpaxxd (Ojpara tov Mewoxraivou ®a ratd detvtepo
AGyo oto dutixd Tjpa mg and avBparird ipata mg oewpdg B ral khaotnd (Dipara mg ogwpdg I'. H vrome-
ooy cuni yaportnoieton and opohd avdyluea, ofypata pe BA war NA dievBuvon, nafog xow amé apretd
EVTOVY) OLXLOTIXT], TOUPLOTLXY] %o eryoTixt] avarTuEn. Ou avdyxreg 0 VEQS RUAMITTOVIOL U6 YEWTONOELS OV
neotoyt Kahapwnic #ou yio 1o Adyo autd ovopdomzre “vdpoyewroywxn hexdvn Kahopwnic”. Zmy meoloyr Tou
Ay. Temgylov Zvxotong VIAEOUV ENUPUVELUHES EXQPOQTITELS 0TV Emag] avBpoHIHeY Rt HAAOTIAGY ao-
Béoewv g oewpde B (Ew. 1 nou 3).

3. YAPOAOI'TIA

‘Onwe 101 ewadbnue 1 ®ipla 1dpgvan ®at Gpdevon tou vijowot yivetar péoa and tig dio vypoyewhoyirég
hendveg “Kopaxdon™ zat “Kahapwtic”, émov vrdpyovv nepuoodtepes tov 40 yewtproewy xat 1000 nhextoo-
SoTuEvmY TyadLdy.

H enjowe duvapzdmta g exdvng Kopundpn oe ouvdotnon pe m péon Pooydmtmon oty xeQLoy)j ou
eivae e TaEemg Tov 680 xh/Etog, avégyetar oe 4.000.000 w, eve oL avdyreg Yo 1opevon o dpdevon Eemeo-
vave ta 5.000.000p°. “Erot, eE autiag e UeQEXPETARLEVONS - UTEQAVTANONG TS LEXAVNS cvTig mopaTnriBnxe
molotix #al roootik vofdduor me. H mototny vofdbpon, pe fdom otogeimv ta £ 1987-1991, deiyver
OTL OTIC TEQLOOGTEQES YEWTONOELS 1) TEQLERTLIRATNTA O Yhwotdvia and 100 - 250ppm €gpbaoce ot 450ppm, evad
UTLAYOVY koL axpaieg TEOUTTWOELS tov £pBuoe xaw to 1200ppm.

Ané nohidrepa otovein (1954 - 1983) 1o péoo PpoyopeTorno Mpog e TOLUAOVICETIOS avEQyOTaY OF 626,5
shootd, pe ehdyoto to 1977 oe 346 yuhootd. Ta 1990 xaw 1991 1o o Pooyis vitay yaunhotepo twv 420
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Figure 4. The results of the geoelectric soundings in
the localities 22, 20,23 and 37, and the potential
aquifer sites.

FLALOOTOV.

Zippova pe toug Madvog ®.a. (1995) o pe otor-
yeia 1944-1994 to péoo tyog mg emjolas Ppoxomtm-
ong eivar wepimov 680 yihootd. O vOpeVTIRES avi-
YHRES TOU OUVGhoU Tov vnowon @Bdvouy ta 4.500.000
W/ETOS EVE) Ol ODEVTIRES UVAYHES TOU CUVGAOU TWV
apdevopEVILY EXTAoEmY pBdvouy Ta 5.000.000 /o,
dnhadii ov ovvolrég avdayxec @Bdvouy otu
9.500.000/€Tog. Tbppwve. e Toug (Slovg epevviTee
1 OUVOAL®Y) ROTELOOVON OTO VNOi GVEQYETUL OF
165.000.000 p¥/étog »al and autéc pmopoipe va EXNE-
tahhevtovpe to 10-15% dnhadi nepimov 10-25.000.000
w/érog.

O1 wioieg vdpogopies otig dlo mTaamdve hexd-
veg eotdlovon oe avlparikd TETOWUATH, GTOU £X0U-
e okt rahy cvdtuEn devtepoyevoric mopmdouc, eite
AOY (W ROUTAREQUATLOROU TV TETOWUATWV X6 ofyua-
T, EITE AOY®W EVION|C RUQOTLXOTOMONG.

4. TEQ®YXIKEL AIALKOIIIZEIZ

Extehéomurav 40 yeoguowmés daoromioels ot
TEQLOYES TToU TTapovoiutay ta mo éviova tpofhijua-
To Udpevomg, ®ow vmjoye duvatdmra dueonc aElomol-
NONG HECO TWV VIUEYGVTLY dirtiny Bdosvone. H enmt-
hoyr| g B€omg €ywve pe Paom mv texToviKg avdiuon
mg Béong, row oowniiBwg avt Poloxretan Tavm OE o
onEvyevi] Loivn o mo ovyrexpLpéva oto hangingwall
TOV PYROTOS 1] 0T dtaoTaipwan onyudTwy,

H avdhvon, mapovoicon #ar spunveic v aro-
TeleopdTov YiveTal pe Baon 1o xmeLopd Tov ynoon
OV EYLVE OF VOQOYEMAOYIRES: TEQLOYES, VTOTEQLOYES
#ow hendves. To anoteléopota Twv SLaCROTIoEWY £-
OelEav wg oL VEPOPOPLES UVATTIoOOVTAL RUQLL %O~
vid oto eminedo g ordung me Bdhacoag Gpwg v-
Aoy oLV nalL pEQIRES ou Polorovial oe apuetd Beti-

A VPOPETOCL.

A. Exteléomuav mévte (5) yewguowés daoromnioels otov BBA dievBuvdpevo dEova ITitvdy - Kapdouw-
hv JE OTGYO TOV EVIOTLONG TG VTOKEIUEVS OTOMUOTOYQOQLXIS 0e1pdc A. H avdluon tov yewmquordy €de1-
Ee g PSpew, oy meQLoy1] Tov Nayod, n 0e1pd A €xeL empavelosi eppdvion oe vippetoo 200 pétpwy, omyv
ey Twy Iirvdv 1 oepd A Poébnue oe Pdbog -50 pérpwv an'm atdbun me Balaooug (avayvwpiomuxe oe
pabog 550 pétpwv an'my empdvein Tov £ddgoug, ov om BEon auni €xel vpduetoo 500 pétoa). Notidrepa
amy neQLoyr Tov dppov g Ekiviag xaw oty mopdrtia Lovn 1) og1pd A dev evioniomue €og to BdbBog Twv 100
perpav. Ta magomdvn Oefyvouy mwg 1) emupdvel eragris ™S 0e1pds B non g vmoxelnevng oepds A €yl
zhion voua. Ty (dua yevin vomua whion Seiyvouy xal Ta oTodpaTe g UTERXEIPEVNS OElpde B artiohoydivrag
ET0L TIg pueyaheg exqoQTioelg oty mopdntia Livn tov dopov g Ehiviag. Ou emgpaveiaxnés exqgogtioels omy
meLoyy] Tov Nayou dev ouvdéovral pe v xhion T exagris g oelpds A pe Ty oepd B, ahhd pe v Tomuu
TEXTOVLAY] TS TEQLOYTS Tou Neryod.

B. Ov yewguowég dunoromioelg, ahhd xat 1) extéheon do yewrpioemy dvm otov dEova Oppog Abiou -
Oppog Kahapwtig, £deiEav dtL 1o peydho avtd oriyua dev vdpogopel Tovidyiotov oe Betind npdpetoa, evad
avuBéTug vipoPoEEl Téoo oty PEpELd TOV ATGANEY, OOV VAQYOVY HEYGAES amopEOES oty mapdrTic Civn,
600 #aw o VOTLe TOV GGANEY, 60V VYOV YEWTOoELS oV Teptoy] Kahapwnis pe onpavtinés vdpogpo-
piec. Ta &0 TapUITGvew YEYOVETH g 0Oy 0T0 CUNTEQUOU GTL 0L VOROGORIES auTEéC mbavd vo ouvdEo-
vrow pe purpotepa priypota BA wipw StevBuvaong mou tépvouy 1o peydho BBA pijypa. Etol, téooepig Oéoeig
€Ew am’tov dEova autd xow mdvew ota purEoTeea ofypata ne BA dietfuvon €8eiEav mbovi vdpogopia, site
péoo ot avlpornd (Ojpata, eite omy emagpr xhaotrav kot avBpaxiray netpopdrov (Ew. 4).
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Eixdva 5. Ta anoreAéopara tov daoxomivewy onig Ooeic 1, 5, 7, 7, 8 nat 9 zablds xar o1 mbavés
orowparoypapixés Bfosic vopogopias TwY TYNUATIONGY QUTGY.
Figure 5. The results of the geoelectric soundings in the localities 1, 5, 7, 8 and 9, and the potential stratigraphic
aquifer sites.

IMeowoyij T, vromeptoyy 1: T1o Tjpe T1jg VTOTEQLOYIS UTHG OV EXTEVETCL HETAED TWV XWOLBV Aayradag
- Ayoehwmot - Suxiddog ot Mavrouriod, xa yagaxrmoitetar and nolhéc BEoelg amopors oy mopdrTLe
Cavn €yivay TEVTE YEOQUOLKES DLUOROTIOELS, EVG) pia emuhéov €ywve PopeldTepa, €5w am'm meploy cumi. Ta
aroteAéopata tov diaoronioemy EdeiEav mwg VIdoKovY vdPoopiEg O BeTind MpopeTON, £iTE HECT OTQL (V-
Ooaxird TeTpMpaTY, eite oMV ETagl avloarrdV - rhaotxey retgwpdrov. H mpooertiu dnuovoyia yew-
ooy Ba progovoe va agoronjoet ug vdoogogieg avtég (Ew. 5).

Iepwoyij T, vomeproypr 2: Swv vromegroy avni vrdoyet 1) hexdvn Kopaxdon pe 1o téoa mpofhijuara
UEQGVTANONS %o voPdfuong me mowdmtag Tov vepot. H yewguoiny £pguva ov €yLve 0TV TEQINETOO TN
AerGvIC ElyE W OTGX0 TV SLEQETIMON TV CTOWHATOYQUPIABY %ol VOQOYEMAOYIXMY OLUVONRMV 0TI TEQLOYES
awtéc. To Dyrovpevo fitay av vdoyeL EPTAOUTIONGS ™G Aerdvng tov Kopandon arnd mepifaihovoss Beoeis, dav
vGEYoLY Ghhec tveEdoTTeg VOPOYORIES ROVIA Ot dlxTua VOOEVONS, £T0L IOTE VU EATEAEATOUV YEWTONOELS
mov Ba fonBricouy 1 #ou axdun Ha aviaraonijoovy vdoyovoeg ok Pefagupéves yewtoroels. Extehéom-
wav 26 Yewuowréc diaoromioets alhd evOLa@EQov 1OPOYEWAOYIXG Tapovaiaoey Gvo ot 12.

Boépewx Tov dpove Kopaxdone o yeaguowés daoromioels €0e15av: a. peydha mdyn (>250 pérpwv) mg
OTEOUTOYOUQUA|S OELpdS B, zau f. mbavég vdoogopies péoa ot priypata e BBA dievtiuvom, eve foperdtepa
oL vdpogopieg evromiCovial otic evalhayés rhaotirdy rot avBpaxtudv tetpupdrov (Eux. 6).

O1 YEWQUOIRES PETONOELS OTO LTS TIHA ECTIGOTNRAY HECK 0TI OTQWRATOYRUQLAY OELRG B.eva) oto
véTo e péca ong avBparikés amoféoeg mg oepdg I Oz (8) Béoeic #pinrav 6t mapovordLovy vdgo-
vewhoyd eviiagépov, e vdpogopies, eite péoa ota (dua To avbQoxILG TETOWRAT, EITE OF evahhayeg ne
whaotxés anobéoerg (oy. 8).

Meotoy I, vromeotoy 3. v voneploy] av vaoyel n heravn Kahapwrig pe mpophijuara vrepdvrin-
o1jg %o VToPARoMS TS oL Tag Tov vepo, 6rtwg om hexdvn Kopaxrdon. H vdpogopica om hexdvn avn
ouvdEETaL #UOLE PE TO peYdho priypa mov ywoiler Ty meooy B army meowoy I naw cvadinue mopamdve
(Ewt. 7 »ou 8).

5. TEQTPHZEIL - EAEI'XOZ AIIOTEAEEMATQN

Tmy Béom 11 vmioye amotvyotoa yedtonon faboug 180 pétowy. H dueondmon €deiEe vdpogopio am'ta
150 €we T 220 pEToo %ot yie To AGyo auté extehEoTre vEa yedTONON otV (dir Béam e Betnd amotéheopa
netd to Pabog Twv 180 pérpwv (Thnpogooieg yia mapoyri >40m3/h).

“Eyive T000mdBeLe Vo ERTELECTOUY 4 YewTorioelg 08 BETELS GOV OL dLoOTOELS EQUNVETTIHAY (g BeTinEg
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L_L‘ = | Ewova 7. Ta aroreAéopara tov diaoxomioewy otig
L 1] - Oéocis 14, 15, 16, 17 xatr 18 xabaic xai o1 mbavég
? 1 oTpwpuatoygagixss o vopogopiag Twv
! OYNUATIONGY aUTOY.
) "_!4 i Figure 7. The results of the geoelectric soundings in

the localities 14, 15, 16 and 18, and the potential

Exova 6. Ta amoreAéopara tov dtaoxomioewy otic stratigraphic aquifer sites.

Oosig 12, 13 xar 10 »abog xar o1 mbavég
oTpouaroypapixes Oéocis vdpogogias Twv
OYNUATIOUGY aUTdY.

Figure 6. The results of the geoelectric soundings in
the localities 12, 13 and 10, and the potential
stratigraphic aquifer sites.

Ond ™V Aoy Tov VOPOYEWAOYIROU EVOIOQEQOVTOS, thhd Aéyw moofAnudrmy TodoPaomne 1 avidpdoEmy wo-
TolRWY, OL YEWTONOELS €ywvay Oe Ghheg OFoELS e amotéheona va uy propotv va aEtomomBoiy Ta arotehé-
opara. H 0€on 23 dmov extehéomure 1 yewronon €deiEe ayvaatov mapoyic vdoogopia, exiong un afomoni-
OLUO QITOTEAEOL.

6. IIPOTAZEIZ EIIIAYZHE TQN YAPOTEQAOTTKQN ITPOBAHMATQN

H vdpoyewhoyimii pehétn »on avdlvon tov viowou mg Xiov €deiEe o oL peydhes vdgogopies evroniCo-
VIO HEOK OF VB0 TETOUUATO HE EVIOVUL AVETTTUYIEVO TO DEVTEQOYEVES TTOQWOES TOVS, EVA) ETTIONG EVTOTNI-
omray VOOPOPIES TG00 Ot KUOLES ONEIYEVEIS EMQPAVELES GO0 %L O TEQLOYES UE EVOALUYES HAAOTIROV KUl
avBpaninov metowpdroy. H aElomoimon tov napundve vdpoqopelhv e exTéheon YEwTOHoEmy €50 am'nig
Aendveg Kopaxndpn wou Kahapwnis propel va avarovgion Tis mohinafes vol UTEQUVETTUYIEVES QUTES VOQO-
YEWAOYIHES AERAVEC.

O peydheg mooGTNTES VEQOU TOU AITOOQEOVY EMPUVELNRA ®aL ®atahijyouy om Bdhaooa (elte amd povipes
TINYEG E(TE OO TIC ONUAVTIIXES PROYOTTHOELS) WTOQOUV ®at TEENEL V. agtomomboly. Arartotvviat £pya vdpo-
UAOTEVONG, ROTAOREVT] MUVOOEEUPEVIV ROl 0TI CUVELELR TEXVITOS EUTAOUTLONGS TV EEQVTANUEVDV VOQOPE-
POV TOV OO TUQOITAVE VOQOYEMAOYLRIV AERAVIIV.

Me v egappoyr] Twv Tapamdve ag’evog pev Ba pewnBel n expetdhlevon and tig diio mapamdve vdpoyE-
whoyrég hendveg, ag’etépov de Ba avafaduototv xaw oL vrdpyovoes vrofabpopgves yewteijoels otg dio
RAOATEV®) AEHAVES.

7. EYMIIEPAZMATA
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Beotuitog, Tov VIAAOYOVTOZ VOPOYEWAOYIXOU RatbETTO)-
TOG HEL TG EXTELEONS YEOMAEXTOLAMDY DIUOROTIOEWY,
TROEAVPAY TO TUQUKRATH TUPTEQATILUTL

1. To wnot pmopel va yweiobel 08 TEELS TEQLOYES V- L PN
SpoyemhoyLov EVOLAQEQOVTOS e fdor TNV OTom- C 1 g
paroyoaguai %ot inuatohoyixn Tov dudobpwon. ;,J:]f' f o’

2. H zevrpunj vOp0YEMAOYLAT] TEQLOYY YWOIOTNHE OE 1 - eisom

TOELS UTOTEQLOYES UE PAON TNV OLKIOTINY HOL (-
Yoot avamTuEn TS TEQLOXNS chhd waw TV dia-
QOQETIHY OTOWRATOYOUPLAY] Tovg didpbowon.

3. Ze &0 and TS TUPATAvVN VITOTEQLOYES KwoloTn-
AOV AOL TEQLYOAQPINXAV OL VOQOYEWAOYIRES AERG-
veg Kopandon zoa Kahapotig. OLudpogopies Tmv
0 maEATAVL VOPOYEWMAOYILRMY hEXVEIV SEV pPTo-
potiv va avieneEELBOUY OTIC OLMIOTIHES Rl ayQO-
TIXES AOUT]OELS ROL YLK TO AGYO CUT6 TUQOVOLd-
Covv moromxy vofdBuon ®oL ToooTuxT] AVERGD-

HE

Leipa B
Izipa B

1
Hal

LT

HELAL. _l[

5. Ou peydheg vdpogopieg eviomiovial ®ipla péoa J_ I l
0€ avOQOXIRA TETRWOUATA [IE EVIOVO UVETTTUYUEVO T
T0 DEVTEQOYEVES TORWdES TOVG, ®aul ¥atd devtepo ]Lﬁl L
AOYO OF ®UQLES ONELYEVE(S EMUPAVELES UL OF TE- e o |
OLOYEC pE EVORRAYES ®AUOTIRGY ROl avBpuritwY Tl 1--1 §
TETQWRATWV. 1 _i

7. Amawtotvviol €0ya UOQONACTEVANS TOV EMGPUAVELL-
ROV EAQOMV, £0YC EPTAOUTIONOY TV EEAVTANUE-
YoV UdQOPOQMV TWV THQOITAVH VOQOYEMAOYLAMV
hexavay, zoL EXTELEON VEWV YEWTOHOEWV EE i
an'ug vopoyemhoyrés hendves Kopandon naw Ka- Ly—L['
Aapwtis €10l Gote v PeLwBEL 1 eXpeTdhevon and = agemd —Fastm
15 Oio Tapamdvn VOPOYEMAOYIRES herdvee.

T

11
e

Ewxdva 8. Ta amoteAéouara tov diaoxomioewy yia
EYXAPILTIEZ 11c Ooeic 21, 11 xat 19, xabdc xat o1 mbaveg
otpwuaroypapixes Bcocis vopogopias.

Eyyaoumotpe vovs xouiég wx. . Topdw) - Tla- Figure 8. The results of the geoelectric soundings in

moivdvvov xau I. Zvovevdea yua TV emxodopin] the localities 21, 11 and 19, and the potential
#oUTLHY oty ratevBuvon Peitimong g epyaciag. strasigraphic aquifer wites.
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IIOIOTHTA TQN YIIOI'EIQN NEPQN KAI EKTIMHEIH TOY XPONOY
AITOPPYITANIHX TQN YAPO®OPQN OPIZONTQN TOY API'OAIKOY IIEAIOY
KATQ AIIO EYNOHKEZ TEXNHTOY EMIIAOYTIZEMOY®

N. AAMIIPAKHE', I. ETAMATHE’, I. TTANNOYAOIIOYAOE' & A. BOIBONTA'

NMEPIAHWH

H moiémra Tov undyeumy VEQWY Ty TETapToyeviv amtobéoemy Tov Apyolxoy rediov €xel vopaduotel
eEautiog Tov avBpumoyevay dpaamELOT{TWY TTou oMfynoay oty aiENo TOV CUYLEVIOWOEWY TWY VITOIRGV
®aw o deloduon g Odhacoag omy mepwoyr. H vrofdfuion aunj eXTEVETAL OTO TUQGATIO XUl REVIQUXO
e Tov Agyohrot mediov. O GUYREVIQWMOELS TV YAMOLOVIWVY OTa VTGYELX VEQA Eemepvoiv Ta 600 mg/l, xau
TOV VTR @Y vty o 100 mg/l. IMepupepeiand Twv vpahiuotopévey TEQLOXHY MAmOTHONLE TO QUIVOIEVO
TS OTUSLAXIS OMOXUTAOTHONS TS TOLGTNTOS TV VEQEHY Twv LdpoQdpmwY aynuatopdy (freshening process)
A6yw Tou TexynTon ephovtiopot. H mgocopoinom twv vdoopdowmy yia ouviixes povuyme povodidotamg po-
1S, TEog TV #oreiBuvon Mg eXTENONS TOV XOGVOU WTOXATACTUONS TS TOLGTTOS TWV VIGYELWY VEQWV OF
OeVAELO ®kaBoA#OT TEXVITOU EUTAOUTIONON RO SLoetommjg TV avTAoEwY €DEIEE GTL 0 YOAVOS UTORATAOTAONC
eivan foogic. Mo ta pn dpaotind oyenxd 1OvIe Gmmg eival Ta YAWELOVTA KoL Ta VITOWA 16VTH #ATw amté Tig
OUYHEXQIUEVES Ouvbhireg ahhd nal yuo Ty xipLe pdla Twv vrohoimmy 0 xodvog autds avépyetal oe 20-23 €1
EVO) YLoL TNV AT CTORATAOTAON TG TTOLGTNTOS TWV VIGYELMV VEQWV UIOITETaL X OGVOC peyaiitepoc Twv 1000
ETWV.

ABSTRACT

The quality of groundwater occurring within the alluvial sediments of the plain of Argos (Greece) has been
seriously deteriorated due to human activities which have led both to saline intrusion and nitrate contamination.
The chloride content of groundwater exceeds 600mg/l while nitrate concentrations are higher than 100mg/l.
However, because of the artificial recharge applied partially some years ago, a “freshening process” has been
identified along the periphery of the saline intrusion front. This paper studies the multicomponent ion exchange
process and refreshening time according to a scenario of regional artificial recharge and cease of pumping. For
the application of this scenario a recharge rate of 730mm per year was selected based on previous detailed
studies in the region. One-dimensional flow and transport modeling was used to simulate refreshening process.
In a theoretical chromatographic column of 6Km length, as it is the length of an assumed flow path, containing
a number of cells, the aquifer has specified physicochemical properties such as cation exchange capacity,
hydrogeological parameters etc, the values of which are taken from previous research in the region. The simula-
tion led to the conclusion that the rehabilitation time is rather short. In fact, for the chemical species which were
considered in the concrete conditions like conservative species, such as chlorides and nitrates as well as for the
main mass of the other ions, the rehabilitation time has been calculated to be approximately between 20 and 23
years. For the complete restoration of the aquifers the refreshening time was found to be higher that 1000 years.
It is obvious that in case of natural recharge conditions the refreshening process is much more time consuming
in relation to the previous one (Lambrakis et Kallergis 2001).

AEEEIL KAEIAIA: Ydpoyewhoyia, vdpoynueia, vpahpiowon, ahhovfioxrol vdpogopeis, Apyohixd medio.
KEY WORDS: Hydrogeology, hydrochemistry, saline intrusion, alluvial aquifers, Plain of Argos — Greece.

* GROUNDWATER QUALITY AND ESTIMATION OF REHABILITATION TIME OF THE ARGOLID PLAIN'S AQUIFERS UN-
DER ARTIFICIAL RECHARGE CONDITIONS.

1. Epyaonjowo Ydpoyewhoyiag, Movemorjuo MNoarpov

2. Egyaomipw Opurrohoyias-Tewhoyiag, T, [1. A. lepd Obog 75, 118 55 Abjva

3. Epyaonijpto Tewpyuais Ydpauvhaig, T. I A,

4. Naitho
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Eux. I: Fewloyixij dourj meproyijs peAérne (amiozomuevos ydorns ano Ilaraorauariov et al., 1970, Tdragns et
al., 1970 xat Jacobshagen, 1986), 1: Teraproyeveic amobéoeis, 2: Neoyevels oynuatiouol, 3: Avlpaxuxoi
oynuariouol Everyras Helayovixijs, 4: @lvoyns Evaryras Hivoov, 5: AvBpaxizol oynuatiouoi Evotyrag
Hivéov, 6: DAvoyns Evatyrag Teimoine, 7: AvBpasuxoi aynuatiouoi Everyrag Teimoins, 8: Zyioroiifol-
Dviditeg, 9: Pijyua, opato 1if mbave, 10: Exdbnony-eqinaevon, 11: lewloyixif Tou.

Figure 1: Geological structure of the study area (modified from Papastamatiou et al. 1970, Tataris et al. 1970
and Jacobshagen, 1986), 1: Quarternary deposits, 2: Neogene deposits, 3: Carbonates of Pelagonian units, 4:
Flysch of Pindos units, 5: Carbonates of Pindos units, 6: Flysch of Tripolis units, 7: Carbonates of Tripolis units,
8: Schists-Phyllites, 9: Fault, visible or probable, 10: Overthrust-upthrust, 11: Geological section.

1. EIZAI'QI'H

O tetaproyeveig anoféoeis me mediddag Tov Agyoug €xovy €xtaom mov Eemeovd ta 200 Km? xaw péoo
néyoc wov Eemegvd ta 100m. PrhoEevoiv emdAlnia vOOOPGRC OTOMUATC TWY OTOIWY 1) TOLGTITA TOU VEQOU
eivar vroPaduopévn eE autiag Tov EVICTIHGY avIMiOEDY, TV ATAVOEMY RO TOV ETLOTOEQPOREVOY GEOEVTI-
wihv powy Tov yivoviar omy egwoy. O avrdjogig oto Agyohurd medio mapovaiaoay ®aturéougn aiEnon
omv dexaetic tov 50 raw odjynoay dueoa oty vpaiutowvon Twv afabudy vdpogopéwy (Beodwodaoviog et
al., 1970). T moTo TEREPOTA TEYVNTOU ERTAOUTIONOT Yiet TV EVIoRvoT Tov VACmXOT Suvexol TS TEQLOYIS
o v avafadpon me mowdmrag Tou vepol £ywvay 1o 1964 ot mepoyec Ay. Adolavor, Asvraxriov xo
Apemdvou (Odvog, 1994; Tavvovkdmovhog, 2000).

Ty TeQotow EQEVVIITLXAY EQYAOIC ETLXELREITAL 1) EXTION TOU YOGVOU CITOQQURAVOTS TWY UTOYELWV VE-
0tV Tou Apyohixov mediov oUWV e Eva oevapLo ®abolrol TEXvNTOU EPTAOUTIOROT BACEL VEGTEQWY OTOL-
yelwy ov ouAkéyBnray ™y wepiodo 1994-1995 ota omoic aet£oVICETAL 1) VQLOTEUEVY] XUTAOTHON QURAVONS
TOUG.

2. TEQAOT'TIA

To Agyohxé nedio dopeltal and TeTpdpata Tou ahmxrot cvotipatog xabeg xow petahmnd (Gjpata (Ew.
1). Ou yewtertovinés evomres Toutdrems, Qhovoi-ITivoou xan [Mehayovirg ratahapfdvouy Tig 0pevEg ®upi-
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Hydrogeological section B- B’

Eux. 2: Zynuarueaj vdpoiiboloyixr tourj tov Apyolduxov mediov (1: dpyidol xat udpyes pe dupovs xai ydAixes,
2: dpyidos (apyidind nddvupa), 3: dupoi-ydlixes, vdgogdpa otpduata, 4: veoyevij uagyaixd xpoxaloxayi, 5:
yeatonon, 6: melouetpuaf ordbun (Navvovidmovdos, 2000).

Figure 2: Hydrolithological section of the plain of Argos (1: clays, sands, marls, and pebbles undivided, 2: clay
cover, 3: sand and pebbles - aquifer, 4: neogene marl conglomerates, 5: borehole, 6: groundwater level,
(Giannoulopoulos, 2000).

g TEQLOYES, CVIROVY OTO CATUKG CUOTUC KOl ATOTEAOTVTAL antd orvBoomixd TETOWHATA Kol PAVTY LTS oY1)
patopoic. Ou hogwdelg fopetoduvtxés mepoyés ratahapfdvoviar amd veoyevii \Ojparta, pdopyes, Yaupites,
nporahomay, evi 1 medivi] mepLoy)] rolinteTan ond tetaproyeveis anobéoeis (Jacobshagen et al., 1978;
Jacobshagen 1986; [Tamaotapatiov et al., 1970; Tdrapng et al., 1970). Ot mpoavagepBeioes tentovingg Loveg
Tov Ahmrol GUOTHRATOS £X0UV UTOOTEL EVIOVY] TEXTOVIAT] RATUTGVION #OL ROQOTIXOTOMON. 11 TAPO TOU
Apyohirot nediov emxparoly priypata zipag dtevbuvone BA-NA xabog o NA-BA.

3. YAPOTEQAOTIKEE EYNOHKEL TQN TETAPTOTENQN ZXHMATIEMOQN

To Apyohxd nedio avijrer otov Csa #hpatxrd timo »atd Kopen, €er dnhadi einpato »iipe pe Enpo
nohoraipr nat Bepporpacio mov vaepPfaivel Tovg 22°C rord Tov DEQUOTERO ijva. A€yetal ®atd péoco 6po
S500mm vepot and g Ppoxomtdoels «nd Ta omolc T 350mm tpo@odototv Ty dtadivacio TS TOAYHETIATS
eEatpodamvoric eva ta vaéhowta 150mm cvpfdilovy oy dnuoveyia aroppeorc ®aw xatelgduong (TTovko-
Paoting et al., 1993). Zro oiivoho g vdookoyiig Aendvng, 1 omola watahapfdver onuavun éxtaon (Ew. 1),
oL apadve Taodpetpol dagopomototviat. H péon Pooydntwon avépyetar og 700mm eva 1) Tooypotixg
eEatyuowodiamvon extipdron og S80mm mepimov.

O onuavtirdrepot vOPOYPEoL 0PILOVTES oY VOPOLoYLRY Aerdv avartiooovial evids Tov avlpuriwmy
HOQOTIAMV oynuatiopwy. Exgoptilovral ev pépet péow mhevounv petayyloemy ota teTaptoyevij hjpata xat
anyaiov 1 vrobahdoowny avaphiceny og dudgopeg TEQLOYES. EvIog Twv TETUQTOVEVEYV OYNIATLONGY ToU Ap-
yoh#ov mediov ®al wiaitepa 0to VOTIO TR avarTiogovial endhinha vid wieon vOpOYEpa aTEUIaT, TC
Omola EVOTOLOUVTL TOOS TIS TUPUQPES TNE TEOLAOUS UF ATOOTATELS Gyl PEYUAITEQES TWV TEVIE £mg ETTA YLAO-
HETOWY Gmov aynpatiCetar ehetiBepog vdpoEopos opilovias. Avté emPefaioivetan wrd Ty exeEepyaoio -
Boug Topwv yewtofoewy, (Tavvovhémoviog 2000, Ew. 2). To vhird Tov OynNHaTIopdy autey £ouv Towmiky
TOOEREVON, (HOVOL ROONUATOV, YELUAEOWOELS ®oul TOTALES amobEoels) ®al oyeTiCovial fe T dpuomELeTTa
ToU ToTapov Ivayov o omolog xatd 1o TeTapToyevES PETATOTLETAUL SLOHRNS amd Ta AVUTOMXA TPOS T dUTLR
(Zapmatardxng et al., 1995).

To ouvohind mdyog twv vdpopdpwy oTompdtwy ®upaivetar petast 40 xaw 60 p. Ta vrd mieon vépopdon
OTROUCT TNE TEQLOYS AmaVTOVTIaL Ot améhuta B ov dev Eenepvoiv ta 120m. H tpogodooia tovg yiverat
#UPLWS OV TEQLPEQELN TNS VOPOAOYLAS AEXAVIIC HECH VITOYELWV TAEVOIRWY UETOYYIOEWMY (TG CATLHOUS Ko
VEOYEVELS TyNUamopols Ommg Ta 2porahoTayt Twv Teptoxwy Mrdpoa, Puriov zat Kovtoomodiov (Tafimdy
et al., 1993).

4. MEOOAOAOTI'IA - XHMIKEEL ANAAYXZEIE

Zmyv meproy] €pguvag Erafoy yoou dio derypatorpies ot €va dU%TIO 58 eMAEYUEVOV YEWTONOEWY HOTOL-
VEUIEVOY OPOLOROPEPCL 0TV TIEQLOYY TWV TETUOTOYEVHV oynpaniopwy (Ewx. 4). Katd my modn devypoarohn-
Pia wov moaypatomoudnxe tov Iovvio tov 1995 ehfjpbnoay 44 delypora vepov. Eni témov petoibnxe to pH
HOL TQOTBLOQIOTNHAY PUTOUETOLAE, LE POONTS QUTORETEO 1) ouyrEvTpmon Twv NO, waw mg NH, (TTivarag 1).
Kard myv dedtepn deryparohmpic wov mpaypatoronidnxe tov Oxtmpolo me iduag yoovuds ehjgpbnoay 30 deiy-
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pote ote omole Eyivay whjoets avakioets. Exl témov petpibnxay ow guowmoynpuxés napduetpot: Beopoxpuol-
a (T°C), pH, duvapxo oEewoavaymyiic (Eh) xa dwahehupévo oEvyivo (DO). Fm'm]c TOOTOLOPIOTNHY el
TOTOU PWTORETOIXA LE QOONTO PWTOUETOO OL OUYHEVIDMOELS TWV Lovrwy NH., PO , NO,; »aw NO,. Z10 Epya-
omowo Ydpoyewhoylag tov Mavemompulov Matpuy mooodlopiotxay te ps{')oﬁm‘t: n‘rlobmnm]c Ol OUyRE-
vipwoels Twv wvtoy Ca™, Mg**, HCO, zat Cl, ghoyoguropetoird ta ranévra Na* xaw K* zaw gaoparoguro-
petpud ta SO,*. To mocooTté apdhuatog dev vreofuivel 10 5% dmwe mpoximter and ™y emeEepyaoia Tov
avakioemy yuo ™y omoia yonowpomoujinxe ratdhdnho hoyiopxd (Aaprpdxng, 1991). Me mmy forijifewe tou
AOYLOWLXOY CUTOU EYLVE ROL 1] RUTOOXEVT] TOV avaaTuypevor duayodppatog Durov g eux. 3.

5. AIIOTEAEEMATA
5.1 NOIOTHTA TQN YIIOTEIQN NEPQN

Zrov [Mivara 1 mrapatibevial oOTATIOTIAG OTOLXEC TMV YNUHOV AVEANOEMY TMV VTOYELWV VEQMV TOU Apyo-
Mxou mediov xon yia tig do mepuédovg devypatornpiog. Ané tov ITivara autd deumoTeiveTol 0Tt Ta UTdyeLa
VERQ Exouy akrahxd yuponmiow xot wmAEg péoeg tpég ovyrevipmoewy NO, waw NH, mov Eemeovoiv nig
PEYLOTES AODERTES TIHES Yo TGO vepd (odnyia 75/440/EE) xat amodidovial Tpogavas oTig EVIOves hmdv-
OELS 0TV TEQLOYI. AlamoTaveTaL ERtiong GTL Exovy wymhés ovyrevipwoelg Na*, Cl' mov amodidovral oy eni-
dpaon ms Bakdoowag deloduvong Adyw Ty evIaTrWY avikijoemy. O HECES TIHES TOV OUYKEVIDWOEWDY TMV
PO d", Mg**,Ca*, na HCO, dev Eemegvoiv Tig PEYIOTES EMTEETOUEVES it oo vepd (odnyic 75/440/EE)
EVO OL [UKDES OYETIXA TWUES TWV TUMAWY ATOXAICEWY EMTOETOVY UE WHOES EMPUAGEELS TNV amodoy TV
UECWY GpWV.

H péon nyj tov duvapuxot oEewdoavaywyrjs (Eh: 217.84 mV) duxpopgpuverar o vymid emnineda #oat o€
CUVOLAOUG pe TV VMR péon Tuni ™ ouyrEVTpwons Tov dtehehupgvou oEvydvou (DO: 6.08 mg/l) mporinter
OTL 0L VOPOPAPOL 0PILOVIES NS TEQLOYNS EVRioHOVTAL RATL 0me 0EedwTIneég ouvthires. e autd oupPfdiiel n
Evtovi) #uxhogoplia ToV YEQOU, 1) OO CUVOEETUL HE TS EVIATURES AVIM{OELS ROL TOV TEXVITO EPTAOVTIONG.

Hivaxag I: Zratiotixeés napduetool Tov ynuixgy avalvocwv aepiodwv lovviov xai
Oxrwfpiov 1995.
Table 1: Statistical parameters of the chemical analyses conducted during June and October 1995.

TMapdpetpog Méon TLpf Méyiotn TLuA EXaxLotn tipf | Tumixkf andxkAion
T°C 18.65 20.29 170 0.87
pH 7.23 8.75 6.53 0.40
Eh 217.84 265 85 47.24
D.O 6.08 9.45 0.71 2.11
POy 0.05 0.17 0.01 0.028
NH; 0.808 7.55 0.00 1.34
NO;~ 0.015 0.21 0.00 0.038
Mg** 36.97 196.8 2.20 41.59
ca* 166.75 426.0 5.19 99.17
Na® 93.57 619.09 13.97 102.33
K* 2.65 11.39 0.75 2.38
HCO5~ 306.88 568.5 168.4 95.50
cl” 261.97 1330.0 5.0 314.54
S04 76.84 650 0.0 118.43
NO;~ 63.56 369.6 3.96 86.59

Etou ) appovic Tov YEOQYIMOY MIOORGTOV HETATRETETOL EVHOAN OF VITOUAA 1GVTO ®HaTd TV aviidoaon:
2NH_* + 40, + 2NO, + 2 H,O + 4H". Kdto o’ avtég 1ig ouvOijueg 1o vitoud 1ovia epgaviCovial oxetinmg
adpUVI] ®a PHETOQEQOVTOL (TG TO VTOYELD VEQG XwPIC va hapfdvovy pépog oe ynuirés avidodoeis (Freeze and
Cherry 1979, Antonakos (@ Lambrakis, 2000).

5.2 TAZINOMHZH TQN YHOTEIQN NEPQN KATA DUROV

H taEwépunom tomv SuagoQetindy yuxdy TOmmy Ty VIGYELWY VEQWV EYive pe v Borjfela tov avartuy-
uévov duayodppatog Durov, (Burdon and Mazloum, 1958). Onwg gaivetar oty Ew. 3 om meowoy €pevvag
damotdvovtal do ®UpLEg OpddES VIGYELWY VEQWY. ZTnV TOWTN opdda avijrovy oL xatyopies twv Na*-
HCO_, Mg**-HCO,, xai Ca**-HCO, ynuxdv wimwy vepdv, evd omy devteen o xamyopies tov Na*-Cl |
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Ewx. 3: Karavourj twv vadyeiov vepwv Tov Agyoldixou mediov oto avamrvyuévo didyoauua Durov.
Fig. 3: Expanded Durov diagram showing the groundwater chemical types of the study area.

Mg*"-CI' ou Ca®*-Cl" vépoymundv timwv. Ot do autés opddeg Seiyvouvy pavéueva wvroavrarrayns (Lloyd
and Heathcote, 1985).

H epgdvion tov Ca**-Cl zow Na*-HCO, vSpoymurdv Timmv efvet VvOETIN TV GUVOUEVDY Vpohiiow-
O1)C %0 ATORATACTHONS TS TOLGTNTOC THV VIIGYELNY VEODY #al OQEMETOL OE Sradinaoieg wvroavrehhayns
peta€l Twv wvtwv Ca, Mg naw Na. (Appelo and Postma 1994; IMetahdg, 1997; Petalas and Diamantis, 1999,
Lambrakis and Kallergis 2000). An6 o didypappa Durov (Ewt. 3) yivetal gavepd ot xau o dto avagepbeioeg
aviayoviotirég duadinaoieg hapfdvouy xwoa tautdyoova. Etol ) dwdiaoico vpakpipvong motonoteital oe
SElYPOTE VITGYELWV VEQWV TWV YEWTOTOEWY TS TUQUALGKIS HOL HEVTOUATIC TOVIE TNS hendvng eV oty TTepLpé-
o€l hapfdver o 10 avTioTEOYO PALVOUEVO AGYW TEXVITOU ERTAOUTLONOY.

5.3 XQPIKH KATANOMH TQN IONTQN CL’ KAI NO;

Zmv Ew. 4o mupovaldletar 1) xatavop Tav wéviwv yhogiov xar omy Ew. 4B tov vITomdy 16vioy tav
vdpogopwv Tov Apyortnol mediov. Tlapamoeltar 6t AvENUEVES TLUES YAWELOVIWY TapovoLdLovTal OTo voTo

e S

Eix. 4a: Karavouj tov ylogtovrov (ppm) oro Euwx. 4f: Karavourj tov vitgixdv 10vrov (ppm) oro
Agyokind medio- 1995. Apyodixd medio - 1995,
Fig. 4a: Chloride distribution (ppm)in Argos plain - Fig.re 4f: Chloride distribution(ppm) in Argos plain -
1995. 1995,
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TAOGHTIO 1l ZEVIOWG TUjie ™S Aexdvng. Zmy emova cun] TagammEetaL exiong 6 T onpeia SerypaTohn-
WIS TOU CVTIOTOLXOUY OTO TIIILA TV UDEOPEOMY TOU CUPUETELEL EVEQYA OTN) Sradiraoio vpakpvpwvong (PA.
Sudyoappe Durov, onueia G39, G77, G75, G76, G2) fpioxovral evidg g Lavng pe g VnAES TIRES ouyxe-
VIDHOEWY FAOOIGYTMY, EVE) Ter ONUELD TOU cvTLaTor vy om diadizaoia aorardoraong (Bi. dudyoappa Durov,
onpeia G80, G43) Boloxovrat oV TEQUPERELL TG TaQumdvem Lhwg. ATIG TNV RUTOVO] TV VITOLROV 16-
viov (Zyjuc 4B) TeorUTTouy VYMAES OXETIRG OUYXEVIQWOELS OTO (vaToA®O ®uplng TIpa #afg %ol OTa TEQL-
B g tedadag. To yeyovig avtd oyeTeTal TOOpavms Pe TV avartuin onywy eietbepwy VOROYOREWY
OTIg aVT{OTOES TEQLOYES ®aBHIg KA PE TNV TAROVOIH UOQOREQEY VALY OTO UHOQECTO THIjUCL.

6. EKTIMHZH THZ ATTOPYITANZHE TQN YAPO®OPQN ZXHMATIEMQN

H mpooopoinon tov vdpogdov 0piltovia Toog T *aTeiduvon g EXTIUNONS TOU XOOVOU AoQQUIavoNg
emUELETaL e TV xotion Tov x@dixa PHREEQM (Parkhurst et al., 1980; Appelo and Postma, 1994) yw €va
oevapto zabfohxot texynrol epmhovniopoy. Me ) yorjon pabnpatizol poviéhov (Mavvovkémovhog, 2000)
€xEL VTOROYLOTEL GTL IE TY) CUOTNUATIRY EQAOEUOYT] TEXVNTOU EUTAOUTLONOY 1) TEQLOYY] UITOQEL va deyOel 30x10°
m’ vepou emoiwe. H roodmra avnij avuotowyel oe 580 mm dedopévou 6t n empdvera vrodoyrs (erévbepol
vdpopdpoL oynuatiopol) avépyetal oe 120x10° m®. Enpewdvetan 6 oL eheiBepol vOROPAOLOL TS TEQLOYNS
QVOTTIOOOVTaL ®UPIWS TEoc Ta meptfvpia e teduddag ot e ardorao 5 €wg 7 Km ané myv axt). H tpogo-
Sooia Twv véooQoPEmY avrioTolyel oty 1ateloduon Adyw Pooyomthosmy (dexdpaote ™y i Twv 150 mm)
#at héyw TexvnTon epthovtiopoy (580 mm) oe oivoro dnhadij 730 mm. O moQoTAVHD AHAHAS TROCOUOLHVEL
™mv eniAvon ™mg drapopurric eElcmong porig pe ™V HEBOSO TOV TETEQUOPEVWY DLaPOQMY eI Lo YOS Q0TS
yio povodidotam gor (Lambrakis et Kallergis, 2001). Mo vrotiBépevn onjhn to wijrog mg omotag (6 Km
TauTTeTaL e quTé ™ You g 001c) meothauBaveL Tov vdROPGEO PE Ta YapuxTELoTIEG dedopéve. Tou Tliva-
®at 2, eV T eXdAAnha VTS TiEoT VOEOPGRN CTRWIATA EVOTOLOTVTAL 08 Vet TUVOAXOU LAY OUg 56 HETOWV TOU
petanintel oe eAevBepo ota nelBdoLe TG Aexdvg.

HMivaxag 2: Yopoyewhoyixd yagaxmnoiotixd Tov vdgogdpwv opi&oviwy tov Agyolixev nediov (T: Yopaviuxrf
ayoywudmra, L: Mijxos 5 vaotifguevns «omijAne» 1 yeauurs gorfs, b: uéoo mdyos vigopdowy oroudtwy, Sy:
Amotmrevrixdmyra, I: Kareiodvon, " (Navvoviomoviog,2000) a,: mapdywv diaomopds,. CEC: Ixavityra
tovroavraliayis.

Table 2: Hydrogeological parameters of the alluvial aquifers of the plain of Argos. (T: Transmissivity, L: Length
of a hypothetical aquifer column or length of a flow line, b: average aquifer thickness, Sy: Storage I: average
direct recharge, a,: dispersivity, . I (Giannoulopoulos, 2000) CEC: Cation exchange capacity.

Ydpopdpol || YSpohiBoroyia Y3poUuA LKG AV LIPOCWIEUT LKA Selypota
XOPOUKTINPLOT LKA | XNRLKOV
opllovreg avoAUoewy  (mmol/1l)

Y3pogbpoc || EnéAAnia udpopdpa | T=726-1425 m?/d | Brackish water
opllovtac | otphpato oe | © ca**: 6.60, Mg®: 4.10, Na':

TETAPT. adpopepfi KAQOT L& | L=5-7 Km 3.06, K': 0.15, HCO;": 2.76, C1°
oxnuoT. UALK& evor- || b=56 m‘t : 20.79, SO04*: 0.01, NOs: 0.98,
ApyoAixkolU | Adocovial ue sy =0.0018" pH: 7.29, CEC: 395 meq/1'V
nediou AENT.OTEYAV I= 730 mm ‘Y Fresh water

a;=5.6 m ca®: 2.16, Mg®*: 0.21, Na':

1.21, K': 0.02, HCO;: 4.95,
Ccl": 0.36, 50,°°:0.24, NO05;:0.17,
PH:7.20

O Ewx. Sa now 5P mepiyodpovy Tig petaforés g ymuniic ouotaons Tov vadyelon vepou oto TEAOg TG
yoauuic porg yia v yeovixi mepiodo amd mv Evapkn Tou TexynTol epuTAovTiopol Ewg ™y oTywi Tov Ta
TOLOTIHG YUQUATNOLOTIXA TOU VEQOU (TOXTHOOUV TIE CUYXEVIQWOELS TOU (PRECKOV VEQOU TOU ELOGYETL OTOVG
vbpogépovs. Omwe gaivetar oty Evt. 5 1a oyetinag adpavi otoryeia Cl zat NO, amopaxivovial 08 prQovs
yoovoue. I mv mhijon amopdxpuvon twv otoyeimy Ca, Mg, Na ot K wov ovppetéyovy omy duduaocia
tovroavrakhoyic amanteitan TohG peyahitepog ¥oovos. Ty eimova Sa TaQuTEETUL jic amdTopun pelimon g
ovyrévrpwong Tov Ca ota mpdita 20 xodvia amrd v €vapEn Tov TexvnTol epthovtiopol tov axohovbeital amd
JLCL TEOOROLE. PEIMON TV ouyrevIpioewy Tov Mg xat tov Na. Katd to otddio autd ot ovyrevipwoets tov Ca
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EIVUL UROOTEQES UXOLOL RO TG CUTES TOU (POECHOV VEQOU.

H anétopn peiwon otig ouyRevIQWoELS TWV OTOLXEIWY GUTEV E(VIL TO UTOTELEORA TS OAIMOTS TOU VG-
YELOV VEQOU 7oV aiohoubel apomg petd my eLoaymy] Tov QEcKOL vEPOU oToug UdpowGpove. it To aoféatio
OL [LEVDUEVES CUYREVIQUWOELS (RO KOl RAT (TG AUTES TOV ELOCYGHEVOU VEPOU #atTd THY DIAOHEL TOV EUTTAOV-
TLOROY, OQEROVTAL 0TV avTikeTdotaon Tov No and to Ca 010 GREAETS Tov vdEoQApov. v ouveyewa Suadina-
0ieg EEL000QGIMNONG TWV CUYXEVIOWOEMV TWV OTOLLEIMY CUTHV %Ol LOVIOUVTAALIYHC £%0VY (g WTOTELEOUL OL
ovyrevipwoelg Tov Ca xou Tov Mg va avEdvovtar evd tov Na ouveyiCovy va pewdvovrat, To Na Eemhaivetal
raw amofdiherar a6 10 oxeketd Tov vdpopspov. To idio oupfaiver xau pe o Mg n OTadLHY) ATOUAROUVOY
TOL 07olov elvan 1) artie TV xeunhov cuyrevip@oemv Ca agot cuveyCeTa 1 avIHATAoTUoN TOU 0TO OREMETE
TOU UQOPAEOY ¢S TO oPEoTo. Aol TEhog amopaxpuvboly To otowyein Na, K kol Mg ou ovyrevipmoelg Ca
TAIOVOUY TIS TIHES TOU VEQOT EUTAOUTIONOT %0l VTG ETUTUYYAVETAL OhORANOOTIHG HETd and 1000 mepimou
xeovic. Ot Tapamdve TEQLYQueioes HETARBOAES OTOLYELODETOUY %Al T XUQURTOLOTIRG FOMUATOYOUPLUS TTOU
happdvovy ouyyodves ywoa otoug vdpogpspovs (Valocchi et al., 1981).
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Zyriua Sa: Yaokoyoueves ueraPolss tov ovyxeviod-  Syrjua S5p: Yroloyiousves ustaoiés tov ovyxevrod-

UEQV ETIAEYHUEVOY 1IGVTWY TOV VAGYELOV VEQOU OEWY ETIAEYHEVOY 10VIOVY TOV UAGYELOD VEQOU
OUHQWYVG [E TO OEVAQLO TOV TEXVNTOU EUTAOUTIONOU. OUHPWYVA [E TO OEVAQIO TOU TEXVTOU EUTAOUTIGHOY,
Figure 5a: Computed changes of the concentration of Aerrougpeia and ro Zyrjua 5°
selected ions of groundwater according to the scenario Figure 5f: Computed changes of the concentration of

of artificial recharge the selected ions of groundwater according to the

scenario of artificial recharge — a detail of Figure 5°
7. EYMIIEPALMATA

And my eneEepyaoia xaw my avdluon twv vdpoynuxdy dedopsvmv Tov Agyohron tediov Siatotdfnxe ot
o undyeLe vepd eiven voBabiuopéva Adym mg €vtovig aypotnig dpaomoidmytag om mepLoyy #abdg kol e
entidpaons mg Bdkaoous. O ouyrevipdhoes Tmv ahdtov sivar vymhés Adyn Buhdoouag Sieioduone e Tic e
TOV YAWOLOVTWY Vot EETEQVOTY natd T6movg To, 600 me/l. AGyw eVt MITGVOEmY OL TILES TV CUYHEVIOHIEMY
TV VITQIRMY 16VTWY Efvor entiomg ol vymhés xou Eemepvolv xod témovg ta 100 mg/l, evad xdtm omd ouvlrireg
OEEdWTIHES (VMAES TpES duahehvpévou ouydvou (DO) xaw duvaprol oEeidoavaywyric (Eh) o vitpund v
OUPTEQLPEQOVTOL S adopavi] 16vee, AnG i poBokés oto avamtuypévo Sidypappce Durov Siamotdbnxe 1 mo-
povoia twv Na*-HCO,, Mg**-HCO,, Ca**-HCO,, Na*-Cl', Mg**-CI xau Ca**-Cl vdpoynuxdv imov mov avr-
otoLovv oe dadiraoles wovioaviarhoyic. Me my xorjon tov hoywopixoi PHREEQOM extyuifnxe o yodvoc
WTOQQUIAVONS OF £V UTOBETIHG TEVAQLO dLuromis TV avIMITEMY #at RaBoAroT TEXVITOU EUTAOUTIONOY (TED(-
mou 730 mm/étog) Aapfdavovrag voym xow to pyeviopds mg tovioaviakhayis. Yrokoyiomue 6t o yoévog amop-
pUmavong, yuo T pn dpaotixd wvia xupine Cl xon NO, mov eEetdomuay, eivar OeTxd Juxpos KoL AVEQYETOL
o€ 18 pe 22 € nepimov. To (dlo oupfaiver %ot yuo TV CIIOXATEOTION TWV CUYREVIQMOEMY TIE ®UpLOC patag Tmv
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wvrmv Na, Ca, ®or Mg stou guh€zoviat 0To (pruvopevo mg ovroavrahhaync. H mhjong amoxardotaon mg tows-
TTAS TOU VTGYELOV VEQOU OE OYEOMN e Tat OTOELC cvTd varthuoTe el xaw Y otd aorontotvrat 1000 yoovia TERITOV.
Eivau aveed 61t yiee v Aoy mblavt] Ieoimrmon mg ) e@appoyns TeTol ERTAOUTLOROU 0L YOGVOL uotAYg
amoxatdoTtaong eival okl peyoritepol (Lambrakis et Kallergis, 2001).

Evyapoties: H epyaoic cuni vroompiyfnre peoixis, 08 OXEON LE TOV TOWTO EX TV Ouyyoapémy und o [Tod-
youpuo Kagabeodop mg Emtpomic Epevviiv tou [Mavemompiov Iarpdv. Exgodalovior Oeppéc evyapioties.
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IZOZYTTO YAATOX KAI IIOIOTHTA YIIOTEIQN NEPQN ZTON IIPOLXQEII'ENH
YAPO®OPEA THE AEKANHE TOY I'AAYKOY IIOTAMOY (BA/KH AXAiA)*
A. MANAHAAPAE', K. BOYAOYPHE'

NEPIAHWH

O mpooymoryevic vdpogopéac e Aexdvne tov Thatxov motapot (BA/x Ayaica) éxer éxtaon 25 Km? H
peon enjota fooyontwon avégyetal oe 583 mm (1988-2000) e n uéon enjou Bepporpacia oe 17,8 °C (orad-
nog Tldrpag). O péoog enjorog ouvohnde Gyrog vepot mou déxetan o TQOTYWOLYEVIS UOQOQOEENS aveépyeTa
oe (15,08x10° m*). H mpaypanzi eEatpuoodiavor avépyetal meginov ae 71% tov tpouc Beoydmwone, O
HEOOS Quoindg epThovTopde Tov V8POPEEOL PeTUED VYOTic ROl Enovic mepuddov avépyetar oe 28x10° m’. O
ETOLEG CTTOMPELS VIt TV HARUYT TV VOATIRMY avayrmY avépyovia Rotd HEoo Gpo ™y mepiodo 1994-2000
oe 17x10° m’. Me Bdon ta amoteAéopara Tmv HNMUROY avahiCEmV %O TV EQUOIOYY ™S avdluang ®uoimy
oUVIOTWOWY evtomitetar 1 Ldvn vpahpiovans xat draywoitovra T deiypata avdloyo pe Tov vOpOYNIIKS
Tovg Tino. Téhog emompaivetal 1 avayxn EQaopoyic TexvnTon EWTAOUTLORON Yia TV EVioguon Tov vdaTivol
ooluyiov rat 1) feltinon mg ToLGMTES TwV VAGYELOY VEQDY.

ABSTRACT

The alluvial aquifer of Glafkos basin extends southest of Patras and it covers 25 Km®. The average annual
precipitation (1988-2000) is 583 mm and the mean annual temperature is 17,8°C. The annual precipitation
amounts to 15,08x10° m". The evapotranspiration losses are computed to 71% of the precipitation. On the basis
of a water-budget method the mean (1988-2000) wet season groundwater recharge is estimated to be 28x10° m’.
Human consumption accounts for 17x10° m” for private, public, agricultural and industrial use.

Principal Component Analysis is used to summarise the results of chemical analyses in 61 samples col-
lected from boreholes (October 2000). Thus, the parameters of Ca, Mg, Na, K, Cl, HCO,, NO,, SO, NH,, Fe,
pH, EC have been used to investigate. About the 82% of the data variability can be explained using three (3)
components. The summarised information is used for finding relationships for samples and seawater. The re-
sults indicate a clear discrimination between saples drawn from fresh waters (Ca-HCO, type) and brackish
waters (Na-Cl type). ‘

Finally, groundwater artificial recharge may be applied boost up water balance and upgrade water quality.

AEEEIE KAEIAIA: Ygahpiowon, woliyio wdatog, mowdmmra VEQOU, avaAuon #Quv CUVIOTMOWY, Aerdvy
Fainov, Ayaio, EMGdo.

KEY WORDS: Seawater intrusion, Groundwater balance, Water quality, Principal Component Analysis, Glafkos
basin, Achaia, Greece.

1. EIZATQTIH

H hexdwm tov motapot Thatxov xohinrer ouvohx €xtaom 118 Km? son exteiveron NA/®G ™mg OIS TWV
Marpdyv. 25 Km® ané v napamdve éxtaon xahintovy ahhovPiarés anobéos 15, wou (rhoEevoniv éva onpavti-
wijg Suvapmdmrag vdpopdpo opiltovra. T dexaetia Tov 1970 GEYLOE 1 expeTdAhevon Tov VOEOYPGPOY CuTOY
Y TV ®GAUYT TOV VIREVTIRMY avayxrdy ™S Tohne Twv [atpdv, ®abde xow TV ®AAVPY TOV avayrev yio
Bropmyaving xow apdevux yorjon.

H eviatu] experdhlevon ot ouvBuaops pe mapatetapéves neoLédoue Enpaoiag (1989-91) eiye we amoté-
Aeopot TNV moooTLA] PElWON RoL TV TOLOTLRI vrofabuon(Lambrakis, et al., 1997). AEwonpeivto eivar 61
udvo 1 Mewpdin-Tarpaiz xatavdalove emoing ®utd péoo 6po 12x10° m? VEQOU.

“Eroi to 1992 mapatonifnxe onpaviin] trdon atddung tou vépogpspou 0pICOVIC TV TPOOYWOLYEVEIV CTO-

* THE GROUNDWATER BALANCE AND WATER QUALITY OF THE ALLUVIAL AQUIFER OF GLAFKOS BASIN, ACHAIA,
GREECE,
1. Mav/po Metpav, 261 10, Pio
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DoV, HETATOOM] TMWV UQTECLUVAIV VIROPGRWV OF EAEVBEQOVE Ha Eppcivion apvn TS melopeTolag, #oBodg
wan diefodvon me Odhacoug éwg xar ardotaom 3 Km axé my . AUTO Elye g QEOTEAEOHCL TV TayiTaT
QUENON TS OUYREVIOWONS TOV JADOLOVIWY (meorertinomra 4.000 mg/l) ot VAGYELL VEQG TWV YEWTONOEMV
wuoing T Tapahiaris tavng (Bovdotong, 1995).

Ty meoiodo 1994-95 Siaxdmxe 1) AvTinon Tov TUOARTIOV SNUOTIAAY YEWTOHOEWY %ot 08 TUVOLAONG pe
™V ooy dvion Te TEQLOYS #at T pETEYROTAOTOOT PEQIXGY frounyaviov ot BIITE [Matpov, wabng zo
TV iENON TOU GUOLEOY ERTAOVTLONOT oSyNoaY OTNY avaoTeogl Tov duopevay emaT@oemy. Etol HOTA TV
7e0(0d0 Mafou 1999 epgaviotnzay gavépeva aotectaviopol omy roaodrna Lovn €og zat 1.2 Km oo Y
AT %O 1] TEQLEXTIRGTITA TOV YADQLOVIWY avijhBe oe 1.600 mg/l (Mavdnhaodg #.a., 1999).

TV mepovo QYaoi TaQovaLdlovial T amotehéopate #aHoIopol Tov Wolyyior BdUTOg TOV TEOOY M-
oryevij v8po@EoY 0pILovTa g Aerdvig TOU Thai%ou TOTAROT 08 GUVOURONG PE TV TOLOTTO TOV VTGYELWY

VEQWV.
2. TEQAOTIKEE-YAPOTEQAOTIKEL LYNOHKEE

To yewhoyird vdfabtipo mg herdvng reothapfaver Tujpa e Cowng Iivdov. H Lovn mg Tivoou QMOTEAE(-
Tou 0td S0 evOTITES: 1) ROTHTEQT dOpETaL (s TEAMYIROUS OBE0TEMOOVE ILE EVOTOMOELS OAOLOAOITAV RatL 1)
aveteon aré ghioyn, o omoiog ouvioTaTaL ard EVaAhoyES Popurav 2ot uokiBmy pe TogepPorég rooraho-
raydv (Todghuag, 1970, Doutsos et al, 1987).

To TTAe10TETHOTOYEVES EdAUIICL TOV ERGOVILETAL 0TIV TOOAXTIC repLoy amoteheitan amd dio hblooton-
patoyoagizéc evomres. H rardteon ovviototar and AOYIAOUC %att GUPOVS, TOU WOTEDN®aY OF Eva hpvaio
£ VPAIEO TEQLRALLOV INUATOYEVEONS #OTd T DLGORELL TOU MMietoxaivou £mg 10 Katdtepo ITheiotérauvo
a1 aviteon evémra and Kahdpouag nhiriog Sehtaind rat yepoaia wpoxahonayy (Wapuvds, 1951, Zelilidis
et al., 1988, PoCog, 1989).

Palias 3(=-45° a1*s0° =
Gult A
of :
FPatras b

2155

EF53 SBoana and lonakidas:
=== ne sadiinenls
=3 {mails. shin. sandsiones)
Piwlos NMyach 387
10°

E=t=3 Pindos Mcatone
== Mindoa clunin
# Melgovologlent stnlion
*  PPC electiic stotlon
"\ Dralags besk Rulls
AL B cioss-seciion w41 Walls

Sy Euwe. 1 nagovardGerat £vag ovvommizds YewAoyixos ydoTig g Aendvis, #abdig xat pa oxnuatiaf
yewloyuaj Touyj.
Eue. 1.: Svvomrinds yewloyixdos ydomjs ms vdgodoyuxijs Aendvis Tov aorauov 'avxov (Amd Lambrakis et al.,
1997). Geological map of hydrogeological Glafkos river basin.

O1 adpopepElc amobECELS TV TETHOTOYEVEHY OYNUCTLORGY TG AEXAVIG ATOTELOTY OMUAVTLROUS vdOOPo-
poug opitoveg (Bouvdovpng ».¢, 1995, Lambrakis et al., 1997). O ahhovfraxéc anobéoelg pmopel vo duarol-
Dotv oV aVHTEEN ®aw TV Zatdteon Luvn.

H aviteon Lovn %o UmTeToL eMQaveld e VEOYEVI Xat tetaptoyevij OjpaTa, To omolt aroTeROUVIaL
016 eVOINAGOGPEVT CTOMIATO. XOORUADY KOl AUTUTWY, YN@LTDY, GIDY, POOYHV %o apyYhov Rot (ohopuv
mc wopvore ouvoyrc noorahomaydv. Ta adpopepéotepa ané Ta mapandve Wipate drmg oL ®pordhes, o
harimes ®au oL YNeitee, PrhoEevoly Tovg ®ipLoug vdROPGROVL OYNICTLOROVE,

H xardreon Lovy »ahinreton empayeland omdé TETUQTOYEVY CfpaTe TOV OOV TO ROXKOUETOURO PEYE-
foc, Aéym Suhoyiic Tov VAU, pewdveTal auobtd mpog Ty £E0d0 g herdvng, 60U EMXEATOVY AETTOROXLU
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vhird (dpyhot, apyhothieS vat doyEeS), 0t evahhayes ue adQOREQETTEQM VARG (oL, YMQITES %Ol #OORA-
heg). H aniEnom tov mdyovg twv apythommhitizdy otoopdrov mpog my €080 me hewndvne ouppdrher ot on-
HLOVQYIEt QUIVOUEVOY HOTECLAVIOUON OTOUS VITOKEIUEVOUS dROPEPEOTEDOLS VOROPGPOVE TyMuaTopovS. Etot
0 eheliBepOS VBCOPGROS VELOVTUE TC aviitens Civng peTaminTeL o€ Endhinhovg vad TETT VOPOPEOOVE TNV
rarotepn Cav.

Tyv mepiodo 1992 mapamonitnzay aovnuxés npds mic melopetonnis empdvelng péyot vl andotaon 3
Km omyv evdoywoo, hdyw vrepexpetdhhevone. Ty mepiodo Amoihiov 1999 exaveqaviotnroy @uivopeve ao-
TECLaVIONOT omy mapdrtia Covn €og #at 1,2 Km ané my axnj, eve neodhlnha maoamoifnxe onpavezy
feltimon mg ToIGMTOS TWV VTGYELDV VEQMV. ATTS ™Y LYo TEEiodo Tov Amtpthiov 1999 pgyor my Enorj meplodo
tov Noepfoiov tov idiov €rovg mapatmentnxe pa péon rrdon orabuns mg 1aEng Twv 5,17 m onig yewtoioeic
e TapdxTiag Lovng, N omole auEAVETHL TG TN HETAPaon oY avdTeon Chvn, 6rou 1 péon Tunon €gpbaoe Ta
8,4 m.

H avtiotoyn péon mroion otdbung petadi mg vyoris xau Enorig mepiédou Tou 2000 avidOe oe 1,42 m omic
YEWTQHOELS ™S THdxTiag Lovig #ol 08 2,23 m OTg YEWTOHOELS TS aviTEONS Codvig, £V eAdyL0TES YEWTONOELS
EPQAVICAY QIVOpEVH AOTEGIAVIONOT Ot €va £1pog 200 m wré myv axt.

3. KAIMATIKA-YAPOAOT'TKA LTOIXEIA

Me fiom ta fooyopetoud otouyeio e steoiddov 1988-2000 tov oradpot me [droug (npduetoo 1 m a.&.0.)
n peom emjoia fooydmTwon eivar 563 mm. Mocootd 78% g eTiolac BOOYGITOONG ONUELGVETAL OTE TV VYO
nepiodo (Ortwforos-Mdotiog). H mepuoy #atd m didoxewt tov Tekevtain e16v €6l vTooTel 810 1oyquoEs
Enoaoieg (1989-92 xauw 2000). H fooyofaduide yie ™ hexdvn tov Chatikov eivar +48,5 mm avé 100 m (Bou-
dovpng, 1995). "Etot 10 ®atditeoo tmjua tov vdpogogia (Eco MpdpeTeo 20 m o gxtaon 9 Km®) déyeta
enjole 573 mm Pooydmrmon (5,16x10° m*) x to aveitepo (éoo mpdperpo 120 m xat éxtaom 16 Km®) 620 mm
(9,92x10° m?).
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Eux. 2: Iogeia s enjoas fooyontwons (mm) tov orabuov Iatpdy xai y erijoia magoyrj Tov motauov
Ikavzov (m’[sec) oty Oéon YHE. The fluctuation of the annual precipitation (mm) at the meteorological station
of Patras combined with the annual runoff (m’/sec).

O péoog emjoog auvohnig Gyrog VEQOU o SEXETML O TEOOYWOLYEVS VdEOpoREHS avépyetal ot (15,08x10° m’).

H péon emjoua Bepporpaocia oto otabud Matpdv avépyetar oe 17,8 °C. T Tov uToAoyLopd g oy pcet-
wic eEatiuoodiamvoris otov idto otabpd yonoomounitnxay ot xdrwmi pédodot, mou Edwoay Toug eErc ouvtehe-
OTEg mouypaTtig eEaToo-duumvoric:

Turc (82,7%), Coutagne (80,1%), Penman (92,5%), Thornthwaite (71,3%).

Oewpivrag ™ pnébodo Thornthwaite mo avigoommevTia yue ™V weploy épevvag (Bovdovigng, 1995)
mporumeL 6, 10,7x10° m? (428 mm) vepou emaing enavépyoviar omy atpdogaoa. Ta vadhouma 4,38x100 m?
VEQOU aTOPEEOVY EMPAVELUHA 1] XUTELTOVOVY EUTAOVTTLOVIAS TOV VIGYELO VOPOPGPO opiLovTa.
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H péon emjow unoggon tov motapot Fhavzov, pe fdon Tg peTofoeis mg AEH otov Ydponhertoirod otab-
ué, avépyetal o 1,04 m see (otoyeln AEH), mouv avuwotowyel oe 32,7x10° m* vepov. Mépog and avtijv my
JOOGTITC YONOLHOTTOLE T Yior TV ¥doEVoN S oANS Twv Tarpdy o yue dedevon. Eniong pégog and myv
avetépm moadmyta dmbeitan xatd ™ dradoowi tov rotapot woog m Bdhaooa. [pénel va onperwbel exiong
S Tjpe Tov motapon Fhatxov €xer eyuifwniobel o wirog 3 Km and my axnj mpog my evOOWOU HatL AUTO
eTdOAE SUONEVEIC 0T PUOLKI GVaTTARWOT TOU TROOYWOLYEVY VOROPGEOL OpLoVI.

Tmv Ew. 2 mapovatdCovron 1 mopeic mg enjolag feoydrrwong (mm) tov otabpod Matowy xawn eTjoL
oy Tov motapod Mhavxzov (m/sec) om Oéon YHE, yie my mepiodo 1988-2000.

4. EMIIAOYTIZMOZX TOY YAPO®OPOY

Ot »ipLot pnyeviopol Teoqodooiag Tov TPOTYWoLYeVY] vdPopGpoL opltovia elval:
@) pe Thevoiry dujdnon kot wirog mg xolmg Tov TOTAROT Fhaizov, TOL ATOTEREL TOV ONUAVTIAGTEQO Tapd-
yovia Tpogodooiag,
B) ue dpeon nateioduom Tov vepou g BROYIS SIPECOU THV ETUPAVELIHGV VOQOTEQATWY OTOMPATWY #(LL
y) pe Thevotri petdyylon and tovg acfectorifovs ratdvin Tov Ydponhexrtouot otabpon, xabog war amy
neolop agapaiiov-Korwg. Adym me textoviuic TS TEQLOYIS Ot PETaYYIOELS VEQOU GG TOVS HUQUTL-
%otig VOEOQOPE(S TS avdvTy LhVNg TOS TOV TEOOYWOLYEVY VOPOPAQO EIVUL TEQLOQIOPEVES.
H nooémra epmhovtiopot (Q,) vrohoyiCetar amd my xdrwb e&iowon (Goes, 1999):
Q =S5 AsA+Q,+Q
Grou: S =n e anddoon, As=n draxipavon mg orabung netaEd vyorjs won Enorig mepiédou, A=n emi-
@aveLn Tov U5@Oq’)0@0’ll Q, =01 amohjpels v TeE(odo epmhovnopot, Q, =01 EXQOES (o TOV VdEOPGPO.

T QL ey gpaminy —a0i—] e / !
el At — g
Sephly srilemg speily ¥ 8 4 /

Eux. 3: Xdorye T.D.S. s meptddov Oxrafgiov 2009. T.D.S. map (October 2000).

OewEHVIOG TIS ETHOLEG Engos’g amé My auTépaT pot Tav yewteroewy (oeg pe 4,5x10° m*(repiodog 1998-
2000), Tig azohjperg Sx10° m* xen péom drandpavon mg orddung 5,17 m omy xatdreen rapdxta Lovn (S,=0,05)
»at 8,4 m oy avatepn Covn (5,=0, 12) mponvmrel p.tmog £T1|01L0C EPTAOUTLONGS TOU TROUYWOLYEVT uﬁ@omogou
mg hexdvng Tov Mhatirov wotapod (oog pe 28x10° m® vepoi (repiodog 1998-2000).
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O emjoleg amobpels and Tov mpooyworyevii v8EOEGEo fwe TV Tepiodo 1994 AVEQYOVTUY OUVOMKA O
38x10° m". Avté odijynoe oe vroPifaoud me otddunc e ouvéneia mv mototik vrofdbuon tov vdpogdoo
(Aapmrodxng ®.a, 1997),

Metd 1o €rog 1994 pewdOnxay o emjoteg avrhovpeves TOOGTNTES UG TOV TEOOYWOLYEVT] LOQOYERO Yict TV
UdEevON g T6ANG Twv Tatpdy and 15x10° m? 10 1993 oe 6x10° m* 10 1999, Aoy expetdhlevone Tov empa-
VELa®OU VEQOU TOv moTtapot TAGiXOU #al TV VIGYEWWY VEDGIV TOU HUQOTIROU VOQOMPAPOV TS AeErAVNS TOU
Xdapadpov, #alog vt HElwON THV avery=ov yio BLopavizy %OMoM. AVT6 ElxE (¢ ATOTELEONE T pElmON TmV
amoMjpemy ad Tov TEOoXWOLYEV VdEOPEE0 0pilovte T Aexrdvng Tou Thatxou %l oe TUVOLRONG PE Tig
avENpEveS Ppoyomtioels TS TeOLGdoU 1995-1999 %ot xatd GUVETE LR TOV PUOLLOT EPTAOVTIONOY TOV VOQOGG-
0OV, 0B1YNOE OTV (vOBO TS OTABUNG O BTNV ERPAVLON POUVOUEVHY agteotaviopot (Mavonhapds ».d, 1999).
H péom myui tov enjowwy amohipemy yia idoevon, dodevon xa Propnyeavizn xorjon my meplodo 1994-2000
avépyetan oe 17x10° m* vepov,

H péon Pooysmrmon mov Séxetcn o mpooyworyeviic vépogopéac QVEQYETOL, OmwS mpouvageptnue, o
15,08x10° m* vepon emoing nou 1) moaypomx eSatuioodiavor oe 10,7x10° m’. “Erou mooxvmtet 6t ONUOVTL-
®0TEEN TN TOGOd0oTNS amtotehel 1 dujbinon xatd wikog e ®ofme Tov TOTOPOU %Ol EMITAEOV Uit TOOGT T
amogpEet om Bakaooa Toug XEpEQYOUS pjves, 1 aEomoinom g omoiag pe ™ foribei TEXVNTOU EPTAOUTLOHOT
B ovvéfade amy moworx avafdadiuon tov vépoPdpoL opitovia. ZUp@ova e TEAUGTEQES PETOHOELS UTOQ-
oong atov YHE zauw omy £E0do tov motapot Thavxkou pe pukiono mooxintel 6t nard HEoo 6oo dunbovvrol
emaimg 20x10° m® vepou (Lamprakis et al., 1997).

T

Etx. 4: Xdotng melouerounijs draxvpavons mys megiddov Ampidiov-Noeupoiov 1999,
Piezometric fluctuation map between April-November 1999,

5. IOIOTHTA TQN YIIOTEIQN NEPQN

T Tov €heyyo ™S TOGT™THS TOY VTGYEIOV VEQHY YONOIHOTONiOnKay Ta ATMOTEAETUOTO TWV YNIURGOY v
Miogwv 61 devypdrtov mg tepuédov OxtwPoiov 2000, mov mpaypatomonifnxay oto epyaonjoio Ydpoyewmhoyi-
ag tov [Mavemomuiov [Motpwv.

ARG Tov ydom ratavopric Tov TDS (Ew. 3) moowimrovy &0 evdidzrottot TOUEIS: 1 %ATAOTEQON TAQARTIC
Cawvn. 6rov o1 tpég Tov TDS xupaivovron amé 500-1900 mg/l #ai GVATEQE) [LE TULES TTOV HupaivovTal and 300-
500 mg/l. A6 tov ydom meCopeTorric diamipavang tepuédov Amoukiov-Noepfoiov 1999 (Ew. 4) nponimrel
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E(DHON TOU EPTAOUTIONOT TOV TOOTYWOLYEVIV VOOOMPAOWY IE TIRES TOV HUPAiVOVTAL atd 2-8 m oY RATWOTEQY
qaodwrTict Covn won amd 6-13 m oty avdteen Lave.

O vdpoynurdc Timog Twv Vdye1my vepwv eivaw: Ca-HCO, v ta yhurd vepd e avatepne Cavng xow Na-
Cl yie e vpdhpupa VEQQ TS TaQdxRTIag Coyvne. TNa tov EVIOMONS TS Vg VPOAPTO®ONS Row T OLAROLOT) TWV
derypdrwy pe Paon Tov udpoymund Tovg THo yenotporouitnze n PEBODOE TS CvAAUONE KUOIWY CUVIOTWOGY.

Avdivon zvpiwy ovvierwodv (Principal Components Analysis)

H avdlvon zvpiov ovviotwody (PCA) yonoworonbnze yia va ouvoyioel Ta OO dEdopEVE OV
oofihbay amdé my avdakvon 61 derypdrov vrdyELOL vepou aé Tov ahhovfrand vdpogdpo opilovie g herd-
g tov Mhaizov motapoy. Elvar pua texviaa] mou peLOvEL T dLaotdoets (aotBpd peTapinTdv) evos aoyeiov
deSopEVIY 0TS TOV CEBIG TWV GGV NETAPANTOY OF IREOTEQD GOIBPG RUDIWY CUVIOTWOWHV.

AVTIREIUEVIXOS OTOYOS TG avAAVONG OF HUQLES CUVIOTHOES Eiva Ve Expoaobel TO PEYUAITEQD TOOOOTO TS
ohriic draipavong pe va ured aoLpd ouvioTwoev, AOVOYETIOTOV HETAED TOUG, RAVOVTUS ETOL E0%0A TNV
avdahlvon v SESOPEVHV.

“Erot p€0m Tmv #0glnv ouviotnomy #a0e wia amé Tig n aoyireg vdpoymuréc mapapérpovs-petafintés (Z)
expodalerar yoapurd pe K (K=j, j<n) covoy£noteg #Uptec CUVIOTWOOECS, CURGPWVE PE T Oy Eon:

Z=a K +a K +a K+.+aK (=123, )

6mov a | efval 1) Ty TV @ooTioV ™C petaPinmic i oy %L CUVIOTHOC |.

Ta gootic (loadings) GvITIQOTMIEVOUY T1) OYETIXT) OTOVdALGTITA #@0e petafinmic omy wipa oUVOTHO.
Avahvrd 1 péfodog €xeL megrypagel omé dhhovg epevvnres (Davis, 1986, Buccianti, 1997, Laaksoharju et al.,
1999). Ta zorwiola wov hrjgbnuray vdyn yro ™y Aoy TOV ®UOUWY CUVIOTWOWY EMVeLL:

1) H emhoy Tov 2upiwv OuVoTOOGY 0V OYETTOVTAL e OI0TES ?1.
2) To xpwmijowo “Cattell’s Scree-test”.

e v eqappoyif me pebédou yonoyomonjnze o mivarag QUVTEAEOTHY GUOYETLONG. ‘OT0IG TOORVITTEL Kt
ané 1o didyoappa Scree-plot pévo 1oL (3) ®UQLES OUVIOTHOES EXOUV oty peyahiten and ™ povado xal
avuutpoomedouy ouvohrd 1o 81,8% g ohxrig drantpavong. "Etol emAEYOVIOL OL TRELS AUTES HUQLES CUVL-
owoeg (K, K, K,) na vabepd vdooympun TUOAPETOOS-UETBITI POREL Vet ExEATDE 1 YouupuxGg ouvdua-
oude TV 3 cutdv ®ueiny ouviotwody. Ztov [livaxa 1 pe m Staripnon TV 3 ®upiny CUVIoTWOWY @aivovTaL Ta
qooTia, oy portimTovy yia %dBe pia petafinni (>0,65).

H Béon »abe dSelynorog otov yho twv 3 xupiwv ovviotwodv (the scores) popel va naboplobel yonouyo-
moudvrag v ®drmbu eElowon:

Score =B EC+p,Ca+p,Mg+p Na+pK+pHCO,+ B,Cl+pSO,+B,NO,+p, pH+B, Fe+f, NH,

énov f,...B,, elvau Ta goptiat #GBe petaplnoic omy i-oomj ovviotwon (i=1,2,3).

H mpdm ovviotdoa exgodter to 44,5% mg ohunig dratipavong tov dedopévav xar yapaxmoiltetal wg
napdyovrag aharémrag, eneldr maupovotdlel vymhd pogtic oTg petaPintés SO, (0,89), Mg (0,76), E.C. (0,97),
C1(0,91), Na (0,92), K (0,83). H ouviowoa awtij ouvOEETaL e T dieiodvon Bahaoovou vepoy, mov avEdveL Tig
TYLES TOV AVWTEQM TAQUUETOWV OTOV 1dEOPGEO optovia. Ané ™ YEMYOOPUAT] AATAVORT] TV TIOQUYOVILRY
™S TGV PaiveTaL GTL 1 XOTATEQN TAUQAXTIC TEQLOYY Eppavilel vmhd Oetinég Tpég petaE 1 xou 5 (Ew. 6). H
RoTAVOR ™S ouVIoTHoRS aunig ogLobetel T Ldvn veakumigvong Tov vdpogpdpov opilovia.

H devteon ovviothoo exqodler 1o 29,9% g ohurric Staxtpavong Tov dedopévov xat magovotdlel vymid
goprtia oug peraphréc HCO, (0,84) xar Ca (0,72). H yewyoapux HOTOVOW TV TGOV TS oploBetel tv me-
Lo, GOV TO VTGYELO VEQRS DEV X et VITOOTEL VpaApvoVoT.

H toit ouviot@oa exgodlet 1o 13,4% g ohurrig Siaripovane o apovotdler VMhd popTic OTIg HETA-
BAntég NH, (0,72), NO, (-0,65) %ou Fe (0,89).

Smv Ew. 5 gaiveray to didyoapua twv dio mpdtwv ovviotooay. H Béon ndBe delyporog oto didyoappic
vt rabopletal ané Tov udpoyMuLXE ToL xupuxTioa. Agtypata ard vpdahpvon vepd Poloroviat oy TEQLOKT
A, evi aviiBeta Ta delypata e oéoxa veod Poloxovial omy neploxy B.
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Eigenvalue

Scree Plot

Component Number

REGR factor score 2 for analysis 1

REGR factor score 1 for analysis 1

Eux. 5: Avdyoauna Cattell xar drdypappa tov dvo Tpdtev Tagayovrizey qogrioy.
Cattell’s Scree plot and Score 1-Score 2 diagram.

Iy, 1: Hapayovrixd goptia (>0,65) tov 3 xvpiwv cvviotwedy (61 deiyuara).

Ala Noap&petpoc K1 K2 K3
1 Mg 0,76
2 Na 0,91
3 Ca 0,72
4 K 0,83
5 Cl 0,91
6 HCO; 0,84
7 NO; -0, 66
8 S04 0,89
9 NH; 0,72
10 Fe 0,84
11 EC 0,97
12 pH

Eux. 6: Xdptijs xatavourjs twv scores s 1™ xvpiag ovvioraoag.
Distribution of K, scores.
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6. LYMIIEPAZMATA

O pEooS ETHOW0E CUVOMHGE GY#0g VEQOU TTov S ETAL O TROOYWOLYEVIS VBPOPOOEag ™ herdvng Tov Mha-
%OV TOTEOY el Pooyomtmoelg, €xtaong 25 Km?, avépyeta oe 15,08x10° m’. H moaypatix sEatpuoodiastvor
avépyetar oe 10,7x10° m? (71% tov tpoug fpoydmrmong).

O pEGog QUOIRGE ETAOVTIONSS TOU L8poPGpoL peTall vyorc xat Enerig teptddou (1998-2000) avéoyetar
oe 28x10° m®. Ou emjotec amoMPPELS YIo TV RAMYPY TOV UDUTIAGY CVayROV OVEQYOVIUL HATd NECO 600 TV
meiodo 1994-2000 oe 17x10° m’,

O vdooynuxds Timog Twv vrdyewy vepwv eivan: Ca-HCO, yua ta yhurd vepd mg peoaiag Edvng raw Na-
Cl yiee To vepdhpupa vepd e mapdxtiag Lovng. Me myv epappoyr] mg pebodou g avdiuong #uplov ouviote-
ouv evromiCeran 1 Lovn vpakpionong ®ar diaxpivoviat Ta delypata pe BAon Tov vdEOYNIAO TOVE TUTO.

H Staxomi Tav avthoemy oTig YEWTONHOELS TS TopdxTiog Lovig amd 10 1994-95 nat petd ouveahay oty
AVAOTOOYY TS TOTOTLAS HElmOMS ®ow T TOLoTLRYS VIOPAdoNE oL iy TapatmonBel xatd my mepiodo
1989-1993. Téhog emonpuaivetal 1) avdyxn EQUOROYIS TEXVITOU EUTAOUTIONOT HE TV GELOTTOMON TWY JEHEQL-
VEY GTOQQOMY YL T YONYOQOTEQT (T0QEUITVON TOU VOEOPAROL.
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YAPEYTIKEX ANATKEX TOY NOMOY AITQCAOAKAPNANIAL®
H. MAPIOAAKOEX', I. §OYNTOYAHE', A. @EOXAPHE'

ZYNOWH

O vouds Artwhoarapvayviag Tapovoldlel ™y IdLluTepdTTa VoL EivaL 0 (WS OTOV 000 VITAPYOUY TOAG
®au peyahe motapa (Ayekoog, Mépvog, Etnvog), modhés hpves petaEl tov omolmv raw 1 peyahiteon omy
EAGSa (Toupwvida) now e’ Gha autd vmdpyovy TeQLoyEs He mpoPfhinata averdpreag 10atog UdpeVaNS OAO
10 Y0G6VOo 1j avemdorelas xatd v Oepivij eplodo. M va yiver owoni duayelplon Tov vdatxol duvapulxol Tov
VOROU, QaQaiTT) EIVOL 1) YVOOT TS YWEOYOOVIXNG RATUVOUNS TV VOQEVTIRMY RO COOEVTIRIV CVILYRWV.
Egdoov ta otoyeic cutd ouvduaotoly e 1o OTOLEIN TOU agopoty 1o TAnBuoaxd duvapxd, To yewmhoyind
vrofabpo, A, pe T xo1om EVES CUOTHHATOS YEMYQUPLXMY TANQOPOOLHY uropotv va Anglotv o féktioteg
amo@AoELS Yot TV dtayelpLom Tor vdatiot duvapxot. H epappoyn Toug oto vopd Attwhoarapvaviag €de1Ee
611 Tt TEOPAjpaTet TEORVITOVY KVEIWE s ™V %okt 1] avimapxT) dlayelpLon TWV VOGTIVIV TGPWV Kol SEVTE-
QEVOVIWE O0TO YEWAoYI®G Lfabpo.

ABSTRACT

In the Aetoloacarnania Prefecture there are many and large rivers (Aheloos, Mornos, Evinos) and many
lakes, among them the Trihonis lake which is the largest lake in Greece. However, there are areas within the
prefecture that are facing water supply or prefecture water resources problems.

In order for the proper management of the prefecture’s water resources, the knowledge of the distribution
of water supply and irrigation needs is necessary. The combination of these data with population density data,
geological basement etc. and by using a GIS software, the best decisions can be taken for the management of
water resources.

The application of the above mentioned in the case of Aetoloacarnania showed that the problems caused
are due to the bad or non-existing management of the water resources and secondarily to the geological base-
ment.

AEZEIEL KAEIAIA: Artwhoaxapvavia, EAAGOa, tdpevon, duayelpwon, T.Z.I1., fdoeig dedopévmv, yewhoyia.
KEY WORDS: Aetoloacarnania, Greece, water supply, management, GIS, data base, geology.

1. EIZATQI'H

Eivau yvooté 6t 1o vepd o mayxéouia khipaxa amoterel guomd mépo o avemdorela. Ta tehevtaia
%0GViIaL aroUyeTaL Tok ouyvd o 6p0¢ henpudpia, 0 omoiog avapEpeTal oty aduvapio RAAUYNG TV avayrey
O VEQO 08 Pt OUYRERQLUEVT Yoovind tepliodo. O Gpog oyetiletal Gy pévo pe my adEnon twv avayxoy, Aoyw
mg Peltimong twv ouvBnxdv diePiwong, ahhd ®ar pe Tig ¥hipativég ouvBireg Twv TEAEVTAlWY ETOV HE TNV
eNORGLOVN) PEIWON TV UTHOTPUIOIAGIY HUTURONUVIOUATOV.

To vepd emiong amotehel Evav amd TOUG ONUAVIIXGTEQOVS TOOAYOVIES OV EMSOA TG00 OTI CUVOKES
daPimong 600 kot oV avamTVEN TOV ®OWV@OVLGAY apot 1) EAenpr Tou odnyel otov Bdvato avBpwmwy, o xivdi-
VOUG YLt TV dNudoLa vyEic, OF XUTUOTOOMT] TWV RUAMEQYELDY, HAT.

Eropévig onuaviikis tagdyoviag dev eival povo 1 Tooomta Tov vepou alhd %al 1 TotdTnTd Tov.

IvpiCoviag TS avayxes ag TEQLOYS OF VEQO KL CUVERTLILDVIOS TIS KOVIVIXOOLXOVOULKES ouvinneg
HOL TNV aVOTTUELOKY] TQOOTTLIXI] HECO-HaEOTEGBETM, Ba PTOQOUY VO TOOYQUUNATILOVTUL CUYKEXQULEVES E-
vépyeteg (nehéteg, Epya vodopns, ¥hr) Aappdvoviag vadym o #EOTog ®al TV atddooN TWV EQYWYV OF CUYHE-
ROUUEVO yoovird dudompe. ‘Etol dev Ba rapampeiton 10 gawvépevo va oxedidlovian xoat va vhomolotvral

* WATER SUPPLY NEEDS OF THE AETOLOACARNANIA PREFECTURE (GREECE)

1. Tewhoyixd Tprjpa Movipon AByvay, Moavemomuotinolny Zoypdgpov, 15784, Athjva Email: mariolakos@geol.uoa.gr
2. Tewhoyind Tijpa Mav/pov Afnvay, Tavemompotrokn Zuypdgpov, 15784, Afjva, Email: fountoulis@geol.uoa.gr
3. Tewhoynd Twjpa Maviwov Abnvay, Mavemompuoimolny Zwypdgov, 15784, Athve, Email: dtheocharis@geol.uoa.gr
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£0ya e TEQAOTIO ROOTOS WPl va €xel auflomombel 10 SaBEopo vduTrd duvaprs pag reptoyis. H eqap-
POy TV OREPEWY auTwV Toaypatoronjnxe otov vopud Armwloaraovoviae.

I to oromd avtd dnwoveyitnxe fdom dedouEvav GIov RUTCYRAENAAY TTOUKE TOV UPOOOTVY TIS (V-
YRES TOV VOROU drme ratavdiwon tdatog Bdpevong »al dpdevang, myyéc 1darog Bdoevog ®ut Gpdevong, &-
ATAOELS ROAMEQYELDY, oTOKEla Sintimy Udpevong, mhinfuouiand dedopéva, ®hpatind dedopgva, whm.

H evompdroon tov Tapandve o' €va ohorAnompévo oiompa Aoytopzot, 1o oroio epthapfdaver my pd-
1) OEDOUEVIV UL YUOTOYOUPILES TANOOPOPIES, pag SIVEL TNV duvaToTnTL Vit
e AUEON EOVA TV VIRV,

e Tayeia extiunon TS ATACTAONS TOV VOUTIXOU SUVAIXOU TS TEQLOYIS TOLOTIAG Kl TOOOTIA,
e AELOAGYNON TWV OUVETELDY TV ATOPAOENY OV agopotv mbavd peihoviind oevaoro eEEMENS g natd-

OTaONg TO00 AGYW QUOLKMY HETafohwy 600 ®raL Adym avBpwmoyevay dpAoewy, Rt
e Beluoromomon g Mymg twv xatdhinhov pétpmy yua v opbohoyuer duayelowon g moldmrag og ouv-

Suaopd pe Ty TOOGTNTR TV VOGTOY TG TEQLOYNS OTC TAAIOIL TS AELPOOOV AVATTUENS TMV ROLVWVIXGY

AOL OLOVOULRWOY peyeBuv vabds xal eXEVOV TOV QuOLOT TEQIPAMLOVTOL UL TV OIROTVOTNUATOV TNG

TEQLOYNGS.

Moémnel va onuetmBel 6T yia Tig avdyxreg me epyaoiag eMjgbnoay oav fdon oL H1jpol #at oL ROWGTTES TOU
vopot Artwhouxapvaviag d16T mpaypatoronjinxe mow ard tov vopo «Kamodiotpa». Ta my eEaywyi ov-
UTEQAOUGTOV ROl TNV OPadOTOM o TV moofAnpdroy yonoiporonjinxay oav evpitepo oivoko ot TéTe edagl-
#EC MEQUPEDELES, OL OTOLES UE YEVIRES YOuUNES peTeEerlyfnray otoug vamodiotpuaxois dijpovg.

2. IIEPITPA®H THE ME®OAOAOTI'IAL

‘Omwg qon avagépbnure o Bepéhtog ABog yia ) dnprovpyia evog ohoxinpwpévon cuotipatog duayelpLong
VOOTIAOY TOQWY EIVAL 1] YVHOT AQEVES TV CVEYRHY RO APeTEQOV Tov daBéoipon vdatixol duvautxov. o
OUYREVTDWON OTOLYEIWV OYETURA PE TS ONUERIVES ouvBIjreg UOOEVONE ROUTADTIOMHE EQWTNUATOAGYLO TO OTOIO
dlavepniBnure o GLoug TOUg HIPOVS KL TIG ROWVGTNTES TOV VOROU AITWAOOHUQVOVIUE TQORELUEVO VO TO OUTTaL-
voijoouy. ZTOY0g UTiS TG EVEQYELUS 1TAV VU YVWOIOOUUE TIC AVAYHES OIS EXOVV ROTAYOUPEL O TOMLKG Emi-
TEDO AL TNV CUVEYELL VO YIVOUV OPADOTOU|OELS OF EVQUTEQES OPADES — TEQLPEQELES [IE OROTO TNV UVTLUETU)-
O TV Growwy TEofinudtuy cuvolrd ot eninedo vopou rat Gyt aTooTaouaTd o8 TomrG, YTl To tpofhi-
parta e UOpEVoME ¥ OELALOVTaIL OUVOMKY CVTLUETWTLOY O PEYOAUTEQES EVOTTES OTN PAOT TV VOQOLOY IRV —
VOROYEWAOYIRWV EVOTITWY.

O o onpavurés mhngogopies mov tnminzray and tig Tomxég aEyés fitav oL axchovbeg:

ITinBuowaxd otoyeio (pévipog mhnbuopds, mhnbuopds Bépovs, TGOELS)

Karavdhwon ¥darog ( moodmta 1datog Bdoevong, endonela, extipnon pey€0oug avendoreias)

Tlowstra Udatog #at ELeyyoL ToldtmTag

IMpoéhevon Hdatog Wdpevong (MnyEg, YEWTONOELS, NYAdLa, AMvES, TOTALL, OTOUKEIR TUQOY WY, AVTA|OE-
WV, #AT)

. Ailxtvo Udpevong

Apdevon ( cpdevoipeg EXTATELS, ROTOVAAWOT, ENGOHRELN, TPOELEVOT BdaTOg dpdevonc)

7. Blopnyoviréc — TOVQLOTIRES EYRUTAOTAOELS

To oivoho twv TANEopopLY opyavmbnre oe Bdon dedopévmv yia tepartépw eneEepyooio.

ARG 10 olivoho TV 214 Sijpmv %ot ROWVOTHTAV TOU VOROU amdvinoay oto eputpatoldyio 143 ov avuotot-
yel 08 MOTOOT6 67% Tov CUVGhov. O Mot 1ot OL KOWGTTES TOV AITdVINOAY QVTILITEOomTETOUY TANBVOoNG g
TdEng Twv 168.496 xatoixwv, ovpguva pe ™y aroyoag Tov £tovg 1991, mov aviotowei o8 mooooté 74% tov
ouvvohtrot TAnBuopol Tov vopol. Ané TS amaviioslg TPofxrvPe 6L 73 and Tovg MjHovs Hat TIE ROWGTNTES
rapovoLdlovy mhijon endoxela UdaTog VOPEVONG OV avTLOTOLEL O TO000T6 51% Enl TV GRAVTOEWV Ko
34% eni Tov ovvokov Tou vopou, 57 and Toug MHOUS Rt TIS ROWGTNTES TUEOVOIALoVY avendpxrela ratd v
Bepu] epiodo mov avriotoyel o mooootd 49% Twv amaviijoemy wow 27% tov ouvéhov, 13 and tovg Mjuovg
HOL TIG ROWOTNTES TapoVoLdLovy avendprela 0 GAO TO £T0¢ OV aVTLOTOLYE( 08 TO00OTS 9% TV ATAVTHOEWY
%o 6% touv ovvéhov, eva) Oev yvmpiLovpe T oupPaivel oto vadhowrto 33% tov ouvéhou To omolo dev ardvoE.
[Mpémel va onpeiwbel 611 10 mOOOOTS 1OV 67% MOV ATAVINOAY GTO EQWTNUATOAGYLO EIVOL TOA) LROAVOTTONTLRG
i TETOLoU e(dovg €peuveg dedopévor G 1 epmerpia €xel deltel 6T anavrder To 35-40%.

AxnohotiBwc €yive eneEepyaoio:

o) minBuopaxray dedopévav e E.ZY.E. oe fdbog godvou 50 etdv ol rotaorevdomray duypdupota td-
ong ™g eEEMENS Tov hnBuopot yo ta endueva 30 xpdvia T6o0 OE Tomxs eninedo GO0 Kot Ot emimedO

bl o S

o
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TEQUPEDELLIV.

B) #hponrdy dedopévav
V) YEWAOYIHWV OTOLYEIMV

Ext6g amd v Paon dedopévaov avayraic mpoiméeon yio my mapaymyn] Depamxdv Yooty elvan n Umao-
En ymeromompévoy yoowdy (spatial) Sedopgvav omwg 100TEelS, ortoyoou], vOQOYOUQLHO dixTvo, TOTWVU-
e, YEWAOYIRA 001, RAT.

Tt Tig avdyxes e eoyaoiag ynpromonitnzay yewmyoaguud dedopéva amd Tov ydom Tov Nopot Artwho-
wapvaviae xhipaxog 1:250.000 me EBvinic Stamonwis Yamoeeolag me Erkddag (E.Z.Y.E.) emeid amerovi-
Covray Ta dlouanurd GoLa Tmv SmV %ot %owoTtiftoy Tov vopou. I my ymgiomoinon twv yemhoyixdy dedo-
PEvoY o cumi Ty gdaon g epyaoiag emkéxtnre o yemhoyids ydomg me Erkadag xhiparag 1:500.000 Tou
Ivotitovtou Temhoyxay xar Metadhevtxdv Egevvav (LIWM.E.) (Mropvépag & Povroyidvyn — Towapmrdou
1983).

| akes-]

Likes-Rives

Code ; Code Sodt_l.l’
Narnie Name Water Consumption K;‘I‘;‘
Summer flow Kind Summier sufficiency P —
Winter flow Depth Winter sufficiency &.LL.‘
Mean year flow Diameter Additional water quantity [Cort ;ndr_dlzr. )
Flow Good quality = etwork existence

E;T Pump Caorrelation table Good Condition
Type Pumping hours gx-ﬂk Unknown water loss
Code_dk Aquifer fonnation ode_LP Quality change

-- Code_dk Chemical analyses

Formation 1
Formation 2
Formation 3
Formation 4
Formation 5

Code_dk
Code_dk Name
Permanent population Conunmity -Municipality
Increase trent PP Province Code_dk
Summer population Ed_Perif [Tounstic facilities
Icrease trent SP Prefecture Water consumption
code_dk |Prediction for new TF
Additional water Lo be needed|

i LA s A Code_dk
agricultural area = 2
wm.let}mg Industrial units

= Water consumption

Water consumption ! anrif S
Summer sufficiency pe iy
Winter sufficiency mslink Additional water to be needed .

More yield cultivations Diameter mapid
Additional water for imrigation Paroxi sufl_Sum
Pump suff_win

Total pumping howrs L
code dk

water consunption
additional water quantity

Eux. 1. H oyeowanf dourf opydvwaons s pdons dedousvoy
Fig. 1. The relational structure of the database.

H ym@romoinom tov yewypapuedy Sedopévav ouvdudatnre xal pe v Tomobeémon me anapaiTtnme mhn-
pogopiag ooy Bdon dedopsvav, 1 onoia xEnopoTowiBnKe Yo Y OUVOEOT ™S XWEUKIS TANEOQOEIG PE TV
nepryoapa. Ty Ewe. 1 amewoviletan ) oxeowar dopi ogydveong mg faong dedopévv. Zav faoir] pova-
da BewoBnre 0 xdbe Srjuog 1j xowdmTa, 0 omoiog WTERMOE Evay ®WdG apLpG TOV 0T CLVEYELL YONOULO-
moujBnre THCO YLoL TNV OUVOED] [LE TV XWELHI] TANQOPOQIC GO0 %At YLCL TNV eneEepyaOict TG TEQLYQUPLATIC.
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Y= YIIOMNHMA
1 [ Metdmwol oypenopol
: [ | Evonijra [Tiviow
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Bl Evomuo [ovioo
[ Evomta Fafpofion
® Hpmmjwou vopLan
RO Tt
- = Do vopLon
Opo Sy Kevo ey
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<
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‘-“-—
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Eux. 2. Ot yewtextovixés evimyres mov dopovv tov voud Airwloaxagvavias (toomomomuévo axd Msmogpvifac &
Povroyidvvy-Towaundov 1983).
Fig. 2. Map showing the geotectonic units occurring in Aetoloacarnania Prefecture (Modified from Bornovas &
Rodoyanni-Tsiabaou 1983).

Zav mhatpopua eQyaoiag yonopomonifnray ta epyaheic Tov CuoTipaTog YeEwypagizay mAnpogoowiy MGE
7.01 g etapeiag INTERGRAPH 1o omoio yonowpomotel yio oyediaotin (CAD) mhatpéopa 1o
MICROSTATION ¢ etreupeiag BENTLEY. TN v Bdon dedopévov renoyomouinxe n ACCESS g
MICROSOFT.

Ano myv eneEepyonoin Twv Sedopévay Tg BAOMNG %ol TOV YEWYOUPIRMY TANOPORLDV EdAPOVS Ty bn-
oav duagoor Bepomixol ydotec. O mmo onpavainol and avrovg eivaw: Exdoxeios 1datoc wopevong (Ew. 3),
[Towsmrog vidarog 1dpevong, Katavoig minBuopod yua ta tehevtaia 50 ém, Fewhoymds, Memtextovingy evo-
njtwv (Ew. 2)xhx.

3. TEQAOTIA

270V VOGS Attwhoaragvaviag amaviotv ahmres evomreg xo petahmxol oynponopol (Ew. 2). Ané nic
OATURES YEWTERTOVIHES EVOTTES TV eEAMVIdWV epgpaviCovrar v evémra me Tivdov, 1 evomta tov F'afodéfov
#au 1 Iéviog evémrae (BP Co Ltd 1971).

Evétnra Ilivéov H evémra Mivoou amavrdrol yewypagind oto Avatohxd TUAILCL TOV VOROT %etl 0tOTEAEL-
T o6 meheyind hipoare. To Sutird Gowo mg epgpavions eiven YEVIXG 1) von yoapup Natmaxtog - 10 avato-
Mx6 tjua mg Toywvidag xot ta avorohxd meptddbote mg Aipvng twv Koepaotiv. Ta £(01 TOV TETOWRATOV
duaxpivovran o8 avBpwrund (xvping extomhaxidels aofectéhifol), muortixd (padiohapites) wau whaotxd
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(hites, Yoppites, i), To meTOHUOTH CUTA EIVOL EVIOVE TTUXWHEVE KoL AETLOREVE.

Evétnra 'apodpov H evémra Fafodpou epgaviCetar yewypagpuud dutizd me evémrag [Tivdou xo Rara-
hapfdver 1o ®evrod xoppdtt Tou Nopot. Amoteheitat ®uoing amd ghioyn ahhd vndoyouy ®ou TuQepfOAES
ynomx@y aopeatéhibov 1éoo mpog 1o foped oo xal mog To viTo. H wipla epgpdvion Tov ghioyn tapamoei-
Tow oto olyrhvo petaEl g Khdropag wa g Bapdoofog xal v mpog fopd mpoéxtami tov.

Iéviog Evotnra H I6viog evémra ratohapfdver to dvnnd tunjpe tov vouou. To doi16 g eivan yevird
vont yoapu petafi tov Ayowviov xat tov vipopdtov e Bapdoopag. Ta eidn tov metpopdtov diaxpivovra
oe avBpaxird (vnortixol aofeotéhBol, mehaymol aofeotdhbol pe ®ovdtkovg muomohbov xaw dohopiteg),
ePfamopitec #ow @hioyn. H peyahitepn epgavion Tov efumopitay Taparmoeitatl xatd uijxog pog Lovig and
mv ®othdda tov Kdtw Ayehwov péyot tov Aufparrs ®oimo.

Metakninoi Eynporiopoi O petarmzol oxnuaniopol €xovy amotedel acipgpuva mdve oto kahd dtepop-
PUUEVO TAhOaVEYAUROo TV ahminnis nhxriog TeTpwpdroy. Amotehotiviar and hpvaieg, Buldooleg xat yeo-
oaieg pdoeic. H Mpvaia gaon aviutpoooneletal and pdpyes, Ayviteg xow aofeotofovg dvtnd nal fooec
me Mpvobdhaooag Tov Artwhixot. Ioooywoets Tov TMhelotonaivov wpoxrdheg avafabuidwv ot orpdpata
ayLahdv aravedvial ota yapnidtepa Tuipate tov Nopod.

A

- oo b=y YTIOMNHMA
1 B [Tnpne Endpxea

L= B ITapng Avendapye
Ml Averapyaa Spovg

| NIPEBEZijE '.5\)! NAPTIIE

SO

[ Xopic Anavinon

o TIpotenovou vojon

™ Tpmtedovon crupiiog
Anpog - kowvanjia

:/ - Opio vopon

—=me Opro ST Kowornmy

—  Yopoypagixo 5ixTeo

A Y
N\ NOIRTIAOE

LR )

w}{m /“--....____ _’,--""""_ NAXAIAL I,-'a. TN

Eux. 3. Xdotne endoxeiag vdaros vdpevons Tov vouov Aitwloaxagvaviag.
Fig. 3. Water supply adequacy map of Aetoloacarnania.

4. KAIMATOAOTTKA AEAOMENA

Stov Hivaxa 1 tapovotdletal 0 pé0og 600g TOV ETOLOV TPoug VETOU YL peydhe yoovirnd dootipata ard
10 1931 €wc o 1995, and dudgopovg otadpovc mov folonovial VTGS ahhd ®ow £XTGS THV 0QIWY TOV VORO.
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Hivaxag 1. "Yyos verov (Table 1: Rainfall data)

Etafuéc Xpovikf) Si1dpreLa Méoog épog etfolou
Ujoug vetoU (oe
mm)
Aypivio (EMY) 1931-1995 (eAALnAc 915, 9
XPOVOOE L p&t)

AvaAinyn (YIEXQAE) 1963-1986 1275,8
OA&tavog (YIAE) 1952-1993 1504, 8
Ap&yxwPpa (AEH) 1962-1993 1809,9
Tpoappévn OEud 1962-1993 1226,9
(AEH)

TpnyépLo (YIIAE) 1962-1993 1793,5
Apupdva (AEH) 1971-1993 1293,9
Tpixoppo (YIIAE) 1962-1993 1122,8
AapvoU (YIIAE) 1963-1993 1353,8
MevtayLol (YIIAE) 1963-1993 1378,5
A dwpikL (EMY) 1962-1993 980, 9
Notnoktog (YIAE) 1962-1993 828, 6

O orabpoi mov Peiorovrar oe yapunhd mpopeton (Tedivég mepLoxés - Aypivio, Notnaxtog) tagovotdtouy
TO YOPNAGTEQO HETD GO TPOUS VETOU v €105, aviiBeta oL otabuol Tov Peiorovtal o8 MPSHETON HEYQAITEQU
twv 500 pérpwy (0pewveg mepLoyés) mapovadlovy péco enjoto tpog veTot Tov @rdvel To 1800 mm.

O péoog 6pog ané tovg otabpois tov Hivaxa 1 eivar 1290,4 mm/éroc. AS 10 Tpog VETOU YivETHL GUPES BT
UTAQYOVV OMUAVTIRES PROYOTTHOELS, OL OTO(ES pag divouy évav eTijolo dyxo vepou g TdEnc Ty 6,917 Km’
TOV TEPTEL OTOV VORG, TO epPadov Tov omoiov eival 5.362 Km®. To tog Tov idotog ¥dpevonc mov katavahuve-
TaL 070 VORG avd €105, 6mmg dnhwinxe ota egumuatordyie, eivat me TaEng Twv 19%10° m* evaé dnhdBnxe 6l
amoutelton Eva mood mg TdEng twv 2,5*10° m® emurhéov. Emerd dev vmjoyav o anavnijosic ad 1o ovvoho Tou
vopoi vohoylomxay ot avdyreg 1utog Bdpevamg pue S0 Tpdmovs: o) pe To 520 MToa NREONTING, TOL Efvel 1
TOCOTNTCL OV £YEL VTOAOYLOTEL 6Tt 2atavahivel 0 pécog xdrowos me Abivac (YITEXQAE 1990), wré ta
OTO{0 TEORUMTEL GTL OL AvyXES OE VEQRS TOV vopou avd €10¢ eivar Tijg TaEng Twv 43,5*10° m* mov elvan cageic
UEYCAMITEQN TOOSTNTA (TS TLG TQOYUATIXES avdyreg, ®at B) pe Ta 4 Mitpa nueonoimg xufapot vepo, o eivat
1 eAdyom anodexni roodmra i évav dvBowno ovpgava pe v Agenda 21 (1992), ané o omoia mpoxy-
nrouv 3,5%10° m*/éroc.

5. IAHOYEMIAKA AEAOMENA

Zrov HMivaxae 2 mapovoidlovrar mhnbuopiond dedopéva g yoovuric neptddou 1951 - 1991 avd emapyic
#abidg raw 1 oyéon tov nBuopot Tov vopou pe tov mnbuoud éhng me ywoac (EXYE 1955, 1962, 1972,
1982,1994).

An6 tov Hivaxa 2 dev mapampeitar agidhoyn petafohj otov nfuops Tov vopod. ‘Omwg gaivetal oty
Eu. 4 1 tdon ovppetoyiis Tou mnBuopd tov vopou o oxéon pe Tov mhnBuopd me xihoog eivan aovipiix. Quoia-
ot aiEnon rapameeiton povo omy emagyic Towxwvidas (Ew. 5) n onoia ogeiketar oty peydhn ovyxé-
vipwon minfuopot oug peydhes mokers (Ayoivio, Ay. Kovotaviivog). Enpaviua] peinon maoomoeitar otic
rowomreg Tov vopor Navmaxticg. O mhnBuopss autdg 6pog dev petamveital 6Toug drjove te mepuoyis (Nai-
TarTog, AViiopLo) ahhd mpog dhha aoTrd ®EVTQM, OIS QUIVETUL U6 TOV TiVarCL.

6. ZYMIIEPAZMATA - LYZHTHEZH

O vopds Artwhoaxropvavias moeovatdler v WOluTepdmTa Vo efvat 0 YOS (Té Tov omoio vdpevETaL 0
vopog Attixis (Mdgvog, Etnvog), exfdihovy peydha motduia (Ayehdos, Mégvog, Etmvoc), udoyouy molhéc
Mpveg xau n peyahiteen mg EMdadag (Toywvida), mag’ 6ha avtd vidoyouy mepioxés je mooPhipate mhjooug
QVETAQHELUS USUTOE 1] HEQUNIG avendorewns ratd TV Bepvi] mepiodo.

Am6 6oa avagépnrav mapamdvm Ba propolioay va yivouy ol axdlovbec Tapomonoes:
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Ety 1951 1961 1971 1981 1991
[EGvolo Nopol 220.138 237.738 228.989 219.764 228.180
uUvoALxd
qaucmég EAAGBaQ 7.632.801 8.388.553 8.768.641 9,740.417 |10.259.900
E::ooré (%) eni
TOU OUVOALKOU 2,9% 2,8% 2,6% 2,3% 2,2%
Buopow
[EDAPXIA BAATOY 28.757 33.642 31.360 29.619 28.938
Afipo L 4.960 5.841 5.114 5.034 5.116
[Kowvéinteg 23.797 27.801 26.246 24.585 23.822
E;l;mxn BONITEZHE
EHPOMEPOY 45.039 48.270 45.180 41.937 41.342
ATIHO L 9.265 9.945 9.682 9.735 9.805
Kolvoétnieg 35.774 38.325 35.498 32.202 31.537
NAPXIA
LOAOITIOY 51.435 53.271 50.411 46.010 46.990
Ao L 18.942 18.354 18.172 16.640 17.484
[KoLvOoTnTECG 32.493 34.917 32.239 29.370 29.506
[ENAPXIA NAYNAKTIAE 30.179 28.250 22.931 23.004 25.984
JAfjpo L 14.530 14.805 14.073 14.487 16.824
[KoLvOTnTEQ 15.649 13.445 8.858 8§.517 9.160
[ENAPXIA TPIXQONIAOE 64.728 74.305 79.107 79.194 84.926
Afjpo L 33.180 40.608 49.958 53.222 58.906
Ko LvoTnTeC 31.548 33.697 29.149 25.972 26.020

Hivaxag 2. Eratiotizd Nopov Aitoloaxagvaviag
Table 2: Statistical population data of Aetoloacarnania Prefecture

E&£En Minbuopod EEégn MMinbuaped
Emapjuiv vopob Arroioakapvaviag

| =o= BANTOY
B 1 == BOMITLUE

| == MEXOADITIOY
i S | = NAVTIAKTIAL

| L
—e— TPIXONIAOT

& B & B B8

|

B

Ihnfuopis (o cxkatopipma)
A
v
i§!
-
|
T 1

hafoopuds (ae pisdbes)
I—&
J

=
=

| ) Em . Em
Eux. 4. H e&éla&n Tov whnfuouot Tov vouou Airwloa- Eix. 5. H ekélkn tov minBuapon tov exagyiey Tov
xagvaviag xat 1) oyéon Tov pe Tov AANBvouo TS vouou Aitwloaxagvaviag yia Ty yoovixij xegiodo
Eilddag yia v yoovixij mepiodo 1951-1991. 1951-1991.
Fig. 4. The evolution of Aetoloacarnania Prefecture Fig. 5. The population evolution of Aetoloacarnania

population in relation to the population of Greece Prefecture during the years 1951 -1991.
during the years 1951 — 1991.

To TOCOOTS THY UMV HetL LOWOTHTMV TOU Tepovadlovy Thjon ETdorEL OE GAO TO €105 CVTLOTOLKEL O
060016 51% cutdv oV advinoay. Averdoxeia xatd myv o mepiodo avupetomriCel 1o 40% avtiv Tov
amdvmoay v Thijon averdorels avipeTwmiCet to 9%. Eivar 7oA mBaVG oL Mot %ot oL ROWSTNTES OV DEV
EAvVINoay Vo Iy oV peTomiCovy Tpofjpata endorelng BdpEvONC.
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e I meQuoyEg pe vnhéc Pooyomtiioetg xal pelmon tov mAnBuopot (y. Sijjpog Amodotiag pe €dpa myv Ava
Xaoa mg opeviic Navmaxtiag) mapovoudtovra mpofhijpata avendoreias watd my Beow mepiodo. To
moGPAnpa aiveTar va eivar Suuyerowotnd rubic omy evottepn mepLoy epgavitovrar wohhéc JUHQOmYEL.
H mepioyn dopeitan xvpiong and tov ghioyr mg Tivdou eve aroterel To avaitepo tujuc g VoYL
Aerdvng Tov Evnvou motapod.

e Ze TEQLOYES OV POIOROVICL OF KOG VPOIETON, EXOVY YUUNAES, OF OYEAN HE TO GUVOLO TOV YOROU, BO0YO-
TTHOELS %0l TAON EMAOREL AV raut foiorovian o8 duopuevEatepo yEmhoyind meoidhhov.

o X& TEQLOYES HE YOUNAG LPOUETOO, Ypunheés PooxomTwoels vat avemdoxein Udatog idpevonc 6ho 10 ¥OOVO.
Ta moofipara avtd oyetiovion wuping pe ™ yewhoyia (I6viog evémra — efamopitec).

e O eQLOOGTEQES TEQLOYES IOV TTUROVOLALOVY AN emdpxel fpionovial ot yapnhéc TEQLOYES %Ot dOPOT-
viaw and g arobéoelg Tov eviaiov gphioyn Hreipov — Arapvaviag,

e Z10Ug TEQLOOGTEQOUS ONIOUE Hett ROWGTNTES TOV VOpOU magamoifnue EMhenpn cuompanxol ehEyyou ™g
ToLdmTeg Tou Bdatog UdevoNg.

ATI6 10 OUVORO TOV TORATEOEWY TEOXUTTEL GTL Tat TROMjpata ogeilovral xupiwg oty EALenpn ouvoht-
KIG AVTIHETHILONS TOV TEOPMipaTog agot oL 6roleg TapepPdoes ival WTOOTOOUATIRES, TOMHOU YOOURTIOM
RO YWOLG EXTIUNON TV PERLOVTIRGY avaryxdy %ol ouvinxay. Ou 6mote mapepPaoeis yivouy Oa mpémel va
elvar om Paon mg opbokoyuic xatavdalwong vepov, ) omoia o Paoiletat oty perpoTpobeoun moootacia
TV VOUTUHGDY aTOBEUATOY RTINS TOLETTOS KOL TOOGTNTHS TOORELPUEVOY VL emrevyBel 1) aewpopLrn yon-
on autdy TV artobepdrov.
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TEXNHTOEL EMIIAOYTIZMOX TOY YIIOT'EIOY KAPETIKOY YAPO®OPEA TOY
®YAAHIOY OPOYE ETHN IIEPIOXH TQN ®PAPLAAQN (OEXIAAIA)

H. MAPIOAAKQL ', £, AEKKAE', A. AAEZOIIOYAOE , . ®OYNTOYAHE',
E. SIIYPIAGNOE, I. MITANTEKAE', A. MAPIOAAKOL, E. ANAPEAAAKHE '

ZYNOWH

H meptoyn tov Papodhnv oty Oeooahic amotehel pia LUQUATNOIOTIX TEQITTWON VITEQERPETARLEVONE TWV
VATV aOBERGTOVY, JiE TOTELEOHE T CUVEY] TTWON oTdbung T000 oTOV RO®ADON GO0 %Ot OTOV ZUPOTIRG
pdp0QooEc. H EQuopoy 0Tov 2uQoTins vdQOEOREN TS HE 0680V ToV TEYVITOY ERTAOLTIONOT, 1) omtola drtebvag
#e0dICeL ouveywg €dagog, xolBnxe 1 Théov vurdhhnhn Yoy AMOXATACTCON TS LO0POOTAS OTO VOPOYEMAD-
Y6 ovotpe e tepoyic. H emruyie mg pedédou npoimoféTeL frdid xaw AemTopei] yvaian mg yewroyurig
doic xat TV VdQOYEWAOY MY TUVENRMY, %abg Emiong ®aL OYEDLAONG [E Baon g agyés me mepifahhovii-
#ijc TEOTTHOlHS ®aL TS AEIPGOOV UvATTUENS.

ABSTRACT

The area of Farsala (Thessaly) is a representative case of overexploitation of water resources, leading to the
continuous exhaustion of the grained as well as the karstic aquifers. The application of the increasingly and
internationally accepted method of artificial recharge on the karstic aquifer was decided to be the most effective
for the restoration of balance of the hydrogeological system. Deep knowledge of the details of the geological
structure and the hydrogeological conditions of the area is necessary for the success of the method, whose
planning has to be made based on the principles of environmental protection and sustainable development. Use
of state-of-the-art technology and estimation of all the parameters involved, are necessary.

1. EIZAI'QI'H

H mepoyii €oevvag Polonetal Svnrd twv Pagodhny, otig (Townv) rowdttee Opgavav xal YEQewag ota
G Tov vopdv Adproag war Kapditoog, petalEl Twv Adpav Puikijiov 6pog #al Xtovpl Tov CUVLOTOUY TIg
#0LEC avBparInéS NaLes 0To YWEO cuTd. O %WEog avTig emAEyON®e AGym TOV QUENPEVOL EVOLIPEQOVTOS TOU
Ynovpyeiov Tempyiag yio Tig duvardrnres aiEnong tmv vddrvov amofedTOY, T OOl 0TV TEQLOYT] POV~
oldtouy évrova gawdpeva eEaviinomg. EvOeimuus g #oLopomrag me rardotaong eivon 6L OTLS HEIEVTLLES
yewteroelg 1 oTab, oUppOve LE TELEUTalES HUQTULES, ratefaiver 3-6 pETpa TO YEOVO.

Sta Thalone AT aoQaoioTnre Vo StegenvDEL 1] EPAOPOTIETITA %ot oL TbavemTeg erutuyiag g nebo-
80u ToV TEXVITON EUTAOUTIOROT TOV RUQOTIROU VOQOPOQEC.

A£yoviag TemTé EPTAOVTIONG £VVOOUIE TV SLOYETEVON EMUPAVELUADY VDAETWV OTOVS UTGYELOVS VOEOGO-
peic. H péyol thpa melpa £xer deiEet G 0 TEYVITOS EPTAOUTIONOS, nepd TV asthi agyj omy omtoia faciletal,
TUOOVOIGLEL (pRETA TEORMpaTa, o OEV ElvaL YVWOTES OTIS hemropépELég Tovg oL vdPOYEMAOYIHES OUVEhirES TG
reoLoic 6o epaopsteta(PYNE R.D.G.,1995). O teymtog EUTAOUTLONGS Elvan duvaTov v YIVEL PE OLAGOQES
1eBGSOUE GMTWE, EMPAVELARY] XATEXIVOT, ONUELART] TAQOYETEVOT, AUAUHES EPTAOUTIONOY, TEXYNTES OTOUYYES
gpmhovTiopot (xuoing ot avBpumurd TeTomuaTa), aflonomon QUOLADY «ONEAYYV», TTOL ZOUQOTUREV (LYY,
ommhaiov, xataBobowy #At. (EQECOV VIEQXOUV OF Mict TEQLOY] #at EQOOOV ElVaL YYmOom] 1 VOEUUALKRI ETUROLVE)-
Vit LETAED TWV EMPAVELUREY KAQOTUHMV %etl TOU UOQOPOQEX) Aat 1éhog e ™V AELOToMoN CUTEY TOV HEYARmY
QUOLHMY HOQOTXWV aywydv, eite amevbelag elte pe my HUTAOHEVY] ONOGYY WY TIROOTEAONG.

Ticc v »ohitepn Gpog aELOTOMOT TOV XUQOTIRWY TEQLOYMV TIQETEL VOL YVWOITOVIE (TG ROVIG, KL TEQUY
Y TGV GAAOV, RUOINS TO XAQOT OF CUVIUCOG PE TV VEOTEXTOVLXY] EEEMEN TOV Elhadixon xopov.

1. Univ. of Athens, Fac. of Geology, Department of Dynamic-Tectonic-Applied Geology, Panepistimioupoli Zografou, 157 84, Athens,

GREECE, e-mail: mariolakos@geol.uoa.gr
2. F.U. Berlin, Institut f. Geologie, Geophysik & Geoinformatik, FR Geoinformatik, Malteserstr. 74 —100, Haus D, D-12249 Berlin, GER-

MANY, e-mail: vangelis@zedat.fu-berlin.de
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2. KAPLT KAI TEXNHTOX EMIIAOYTIEMOX

O teyvnTog epmhovTiopds eivar pia ovvBet dadiraoia 1 emTugic TOOYROTOTOMON NG OOIUS amatTei
Babewd yvdon g yeokoyuurig doprig nan eEEMENS Jas meguoyric. Mo ouyrexopéva, M AETTOREOYS poQ@oTE-
#rovIrt] zat VdEOYEWAO X HERETN TS TTEQLOYYS TOEMEL Vit TEOIAUpPEVEL puct HEYAAN OELQA EMPEQOVS EQYL-
owv (MAPIOAAKOZ, 1999),

H €pevva €xel deiker 6m 08 mohEC TEQUTTOOELS OL pey ROQUTIHOTOMPEVOL VOPOPOREIS TOOTPEPOVTHL YLt
TEXVITO EUTAOVTIONO, EVA) OL XUQUTIXOTOMIEVOL OYNUCTIONOL TOU neQIdhhovy ta Sidgopat vEoTERTOVIHG Pu-
Biopara mpoopéovrar va yonooromBoiy mg aywyol peTagopds Tou TOOS EPTAOVTLOPOT UdaTog, GTav (puat-
G VTAOYEL ETROWVOViE: LETAEDT CUTAY KUl TOV %UQOTIOT 1dP0POOEX. XT0 onueio auto Do mpEneL v avapep-
Del 0t Gheg o1 xapoTnés myés oL YVwOTES L ¢ xeqahdpra, TEOPOHOTOUVTLL EITE (TG KUQOTIHOVE TYNUOLTL-
Opovg o BolorovraL MYMAGTEQX RatL PE TOVS Omoloue fpioxovial oe VOQUUALRY ETUROWVWVIL, E(TE (TG HORKG)-
detg udpogooEis mov Polonovran oe emagy. Ty TEQLOYN PEAETNS, OTNV TRWTN TEQITTWON AVTLOTOLOY OL
myeEs ota Bovowd, eved om deviteon ou mnyEg tov Xtovpiov.

ABomounvrag #at” avdhoyo To6mo kot rapepfaivoviag e dudgopa Texvind Eoya avapeifiuons ™mg porg
TV QEVHAT!Y, #VOIIG OF RUPOTIROTOIMUEVES OQEIVES TEQLOYES, EIVCLL DUVATOV VI EPTAOUTIOTONY RUQOTIXOTOL-
MHEVOL VOPOPOPELS TOV AVUTTIOCOVTCL 08 TEAVES EXTATELS %Al TOU Poionovrar yapunhéteoa, eqpdoov vdoyer
1} efvan duvatdv va emrevybel vdpavhui emmowvavia. Eav Gpmc dev UAQYOVY QUOLKOL aywyol oy emgd-
vewa pag weduviig Extaong, tote Oa meémer va dnpovoynbotv pe TV ROTUOHEVT] UVAROYWV TEXVIGOY £QYWY,
Grmg elvat oL YEWTEOEIS ®at 0L ORAyYES %o RAMOTA PHEYOL EXEIVO TO pdbog mov Ba ouvavinBel To xapoTino-
momuevo vadfaboo.

Baowé mheovértnpa Tov ey Tol ERTAOUTIONOT TWV RO00TIXGY VOPOMODEWY Elval GTL, EGV AngBoiv opt-
OUEVE HETOL, OTLAVIC OQEAYILOVTOL Ta evd TeWd CuviAuE sival peydho ®ol avamtiooovTa OYETLHA UEYUAES
vbpavhixes méoeis. "Evag dhhog hoyog eivar 1 tayimta «IVNONG TV VOGTWV OV Elven peydhn ot TupPhdng.

To mo evaiobnro enueio mgc pebidov, eivar 611 edv 1o vepd mov Ba yonowporombel yio e pTAOUTIONG dev
PUTQUOIOTEL TOLY ELOEADEL OTOV VITGYELD VOQOYOQE, INUIOVQYET [LeYdheS mbavomreg pumavong Tov vroyel-
WV VOATWY, ELOXA OV TEQiTTWOT O avtheltal anevfeiag axd TOVS ®OQOTIXOUS vdpowdpovs. M v amogu-
11 Mg eimavong eival aagaitnro v moonymOel ouoTaTr HELETI Y100 TG EQYEL TTOV TOETEL VU RUTAOREV -
oTovy, wote va emrevyfel xabitnon tov ev atopjoer cuotaTiRGY TOU PETOQ@EQEL TO VEPD, %uBig %ot 1 durjdn-
a1 ToV Lo Ty Teparépa Tototkl] Tov Pehtinwon. Téhos, ot ndOE TEQIMTWON TPEMEL VO, EAEYOVTUL 08 pévipn
Bdom 1600 ta mpog epmhovtiond Gdata, G0 xar exeiva Tov epmhovnlopevov vdbgogdgov opitovra.

Z10 oMuelo autd Ba TEETEL Ve TOVIOTEL GTL 1) EQELVITIRY ONdd K €hafe v’ Gy T wormioLe TG “aeLpdpou
avamrtuEng”, onk. 6n o ogBokoyixds oyediaouis xar n xarahinhn dayeigon tov guowdy tépov, mpénel
aVOYROOTIRG VA 12EVOTOL0UY T600 T1g fuouxés anaitijoeis Tov neQLfdALovIog, GO0 %Ol TOV XOWVOVIXOOLXOVO-
HxaY oupgepdvay g megoxrs. Mo my drarrienon g moodTTag %Al TS ToGTITAS TOV HOQOTIHOU
VIGYELOV VEQOT TTRETEL Vo AngBotv urdym ot axdhovBol TOQAYOVTEG :

e Ta vepd and mv guowii teogodooia (aTpuoopuoixd roTaxEUviopaTa, %o devtepoyeviic rateioduon),

TQEMEL var eival rohrg modmrag.
¢ H guow mpootaoia wooepydpevn and to rdkuppo me prdomone, 1o e0UPIHG OTOWC XOL AAM VTEQRE(-

LEVQ OTOL E(C TOETEL Ve diertnelTon 1f va PertidiveTa,

3. O KAPLTIKOZ YAPOPOPEAE TOY ®YAAHIOY OPOYZL

H onpeow petafohri mg otdBung tov zagotizot vdpogopéd oto Duiijlo 6pog rupaiveTal o emineda
#AmOLV denadwv PETEWY Yaunhdtepn and 1o exinedo Tou VPORETROL TV Ty Tov Mizpot Bovvoi (BA
Tjpa tov ydom mg Ew.1), 6mov folordtay 1 otdOun woppomiog tou OVOTIIOTOS IOV TNV UTEQEXUETAALEVO
TOV UBQOPOPE. ZTGYOS TV UTOAOYLOPGY TOU EYIvay 1itay va TOOTEYYIOTEL e arQIBELt 0 GY#OS TOU YEQOT O
AVTITROUMIEVETOL 06 cv T TV TTTeion otdfung vaw amotehel 1o EALEyLAL TOU TEEMEL Vo avathowBel, nabwe
#ouw oL oooTIHES duvatdres Tov Eviéa mpog ™y saretbuvon avt. Na ver yiver outég o vohoylopde xo ver
urogel va aStomomBel oty ToaypaTIRGTITA, ETOETE TOVTGYOOVE VA eEaxoBwbel 1) dowi Tov vdPOYEWAOYLO
OUOTIHHATOS %Al OL OYECELS JE TNV TEQLRAALOVOO TEQLOY . [poodiogiomray dnkadi ol tapardrw tapduetool:
e H yeoperpia tov textovixoy tepdyovg mov reQuhapfver oav eviaio T Tov xapotins VOPOYOPEN TOU

Pukhajov 6povg (MAPIOAAKOE et. al., 2001).

o H poggodroyia tng Pdonc rov petodmxdy axoBéoeny mov amotehel vredupird 1o dvo GpLo Twv aoPEoTo-

Mbov (MAPIOAAKOZ et. al., 2001).

e H herrovgyia tov mnydy rov Muxgot Bovvov xat rov Xtovpiov xat N oy€om petaE Tovg, 600 %ol 1 oyfon
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TETAPTOMENEE ENOTHTA ANATOAIKHE EAAAAAT

] Anvoupiaxi BtaEk (Ohd ) =3 @huoxng (A Kpniiixo - Hixawo)
D MALUpIKE KoprpaTa - kuwor kopnuaruy (OAokaivo) E Acfrorohor (A, Kpnndiko)
Xepoaicg amoBioc (MhaoTokavo) E EyioroxepatakiBikn Bidmracan
NEOFENEE (loupaoixd - K. Kprndxo)
Motapohpvaics amoBtoeg (MAnokano) O®IoNE0I
Baoika ko umrepPacika expréyev
TETPAIPaTT, TEPTEVTVITEG
samee YHpoKpiTG Asxavg tou Evimin Totapol o Arohuto Yoperpo Nakiig medoperpiag

(Kahipyng, Ampikiog 1967)
~——— Y&poypagikd BixTuo
<}= Mok ko e0Buvarn VITOYEKIC OTOTTRAYYIoNS

=) Amrdhuto Yipopetpo Niag medoperpiog
s < (Ampikiog 1998)

% Kipieg xapanikes mnyig

-+ Egimmcvon

e Néa karz0Buvan uTIoyEiag aTOOTRAYYIONG

Ex. 1: H evovteon mepioyij e@aguoyrs Tov Texvtol euxAovTiouou.

tov Eviéa jie Tov 1000@o0Ed TV HETOATLXIV OYNIATLOUMY #OL IE TOV XUQOTIXO vdpogopéa.(MAPIOAA-
KOZX et.al., Mehém Y. Tewoyiag, 2000)

H megroyi avagopds, tov zabopiletal ard T YEWPETOIK TOV TEXTOVIXOU TEPAYOUS GO0V apopd autd na-
HawTé Tov RopoTrS Vdpogopéa ot Pdog, ahhd ooy agopd Tig petahrég anobéoeig rabopiletal amé my
A TSR ON TOU RUQOTIROT UE TOV [UAQOHORKMON VIQOPOQE AL EIVOL RATOOYTY OLOPOQETLA.

O1 vdpavMxéc TEAPEUETOL TOV RUQOTIHOV CtaPEOTOMOMY KAl TOV UETHATIXGY OYNUATLONDY (MAPIOAA-
KOZ et.al.,, Mehétn Ym. lewoyiag, 2000).

O 6yxo0g t0v acfeoréhbov mov Oa mpénet va exavamhngolel pe veps, %L 0 GYROS TOV HEVAY TOVG, O
Gyxog dnhadi Tov vepor mov ypetdleta yua my avarkjooon (Tlivaxag 1).

O GY#OC TOV REVGY TOV HETOATXGY CYNIATIONGY TOU GYTLOTOLYEL 0T1) OTIAT TOU TOETEL VUL avamhnowbel.
H toogodooia Tov xagatixot vdgogogéa (tooghevon ot mooduyra)(Iivarag 1).

H tpoqodosia tov puxrpoxoxsddovs vdgogogéa oty TEQLOYY vapopds (TOOELEVO %L moodmta) (MA-
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PIOAAKOZX et.al., Mehéty Y. l'ewoyiag, 2000)

O dyx»og TeV YEQOU IOV dEYETML ) MEQLOYT] avagopds aevelug ol raTaxENUviopnaT, 0o UGYELE TRO-
godooic zat and Tov Evinéa (TMivarag 1).

O 0yxog TOV VEQOU OV GVTLOTOLYEL TNV €TTj0la MTHOT OTAOUTG TOU AUDOTIKOU vdpogopén Aéym e
vregexpeTarevois Tov (Mivaxag 1).

[ drioTman ™ oYEONS TV XUPOTIRHY TGV HETUED TOvE, %aw Ty QVIYVEVON TS OYE0NS TOU [UHQO-

rorzmd0Lg 0piCova pe Tov Evitéa xaw pe g myéc #at tov raponxd VAROYOREM, Ajpbnray vIdyn To uxd-
rovDa:

Ané m Mekém AvdanmuEng Yroyeimv Yddrwv Osooukicg (SOGREAH 1974), 1a OTOLYELC IOV dPoQOUY
TV TECOPETOLC TOU EMPAVELROU (IUHOORORRHOOUC) VOQOPOPEN KL TNV ZUXAOPOQIL TOV VEQOU OF TTEQIO-
00 yupnhev zat vymAoy vddrwy.

A6 mv Ydpoyewhoyuti €oevva Aeravng Avtiwiic Oeoouhing (KAAAEPTHE et al 1973), otoyeia mou
agogovy v melopetoia Tov urgorornddoug vdpopooL, rabuc emiong rat VITOROYLOROT CWVTELECTHV
HEONS EEATILOWLUTVOT]S, ROTEIODUONG %t (1T0EQEOS 0T OTivoho ™S hendvne.

An6 mv egyaoic “TIOOYWUATIRES %o ®UQOTIRES VOQOPOQIES Toy Oeooahixon rapmov. Nedtepa otouyeic
Yt 10 zabeotog vaeperpetdihevonc Tovg” (MAPINOX et al 1997), OTOLElR Y1t TIS HECES TUROYES TWV
anywv Xtovplov #ow Mizpou Bouvor,

ARG VTGQYOVOES YEWTONOEIS %L WIS YEWTONOELS OV EXTEAECTIRAY OTO TAG{OLL TOV TEOYOAPUUATOS, OL
HETONOELS ToV oTabuay %otd ) dudoxrera e eE6MENC TwV eoyaoiy. (MAPIOAAKOZX et.al., Mehémy Y.
l'ewpyiag, 2000).

Ta otoyeia mov ovyrevipdinray and g Tepamdve myée ouvoOPLovVTUL OTa TUEUAGTO):

O my€g Tov Xrovpelov feloxovion o adhuto vipdpetpo 116 pgrpwy. Ou myEg Tov Mixpoi Bouvou foi-
orovIaL 08 anéhuto vipdpetpo 102 pétowv. H woit tov Evinéa omv mepLoy Twv Opgavdy Poloretar oe
arGlUTo MPpETEo Nepimov 110 pétpwv. Av Bewpoioaue évay eviaio VOROYORE PE AUTA To WPOPETOM, 1)
oM vdoawhue Tov xhion Ba ity mepinov 1,6% mpog Ta Popeia, dMhadi moog To Muzgo Bouve.
Oummyég Tov Xrovgiov péyol 1o 1989 mov emnoedamxay ané my UTEQERPETARAEVON ElYaV pLc péom mapo-
200 0.3 mY/sec, Snhadi wa péon ex@dpTion meoimov 9.3 exar. m’ avd €roc.

Ou myég Tov Mixpot Bouvoi péxot to 1985 mov ETNOEATTNROY (TG TV VTEQERPETAMEVOT Elyav et péam
magoy 0.2 m¥sec, dnhadi wa péom enjoue ex@pooTION mEpimou 6.2 exat. m’ avd €roc.

O myég Tov Xtovpiov gaivetar Gt expdotitay a tomr] deEapevii avEnpévng mepardmrag nat amob-
HEVTIAGTITUG TTOU TOQEUBAMLETAL OTO YOO TOV HOOROUKMOOUS VOPOPODEQ. Avt n ropotx deEapev
TANEWVATAY (IS TeL AvaToMxrd, %o EXPOQTIEGTAY TTROE Tar duTid 4td TO HREOROKKWON VdPOPOPE, Huboic
1 arevbeiog Tpogodooia amd Ta Rararonpuviopata Sev B PTOEOToE 08 “apLd TEQUTTWON Vo SIKOLOAOYOEL
TS TAQOYES TV TNYHOV avtdy. Eniong 1o naleoteic avtd ey pévipo xat dev epgdviLe emoynés petaforéc,
GG ATES IOV TUEOVOTALE 0 #APOTIRGS VOPOYOENS TOV Dudiijlov.

O1 dramotioetg autég deiyvouy 6T 0 UrEORORRGINC VOPOPOOEUC Elva 1 ®ipta Iy Toogodooing Tav
HOUQOTIAMY VOQOQOQUIHY TTN CUYHEXQUUEVT] TEQLOYT] %ol (0WE 1 pévy awtia wou Sev gxouv eEavrinbel evre-
Mo Ta amobépata Tou %apoTro vOPOPOREN (TG TV vregexpeTalhevon. Mmogei va Bemonbel dedopgvn
TR0PodOoIC TOU PUAMILOU (TG TOV EmUPUVELES VOPOPOEEX at amd Tov Evinéa, YEYOVOS TO OO0 £YEL ®aiL
QVTIOTOLYN ONUaOict Yot TV TOLGTITC TOV VHUTOS TOU RATELGIVEL GTOUS aofectohibouc.

H megrop] eqappoyic tov vrokoyopdv 600V agpopd Tov xapotrs vdpogooia Tov Puihijion autév xaboau-
0, MEQLOPILETAL 0T GOLL TOV TEXTOVIXOT TENGHOUS IOV TEOLYOAPNKE OTY TEONYOUREVY] Tapdypapo, Ba
EfyE OpoC OVOLOTIXG VONUE av SEv VTHEYE 1) TOOPODOOIH T TOV HrEORORXWON VdPOPoEEN. EmY mowy-
HOTGTTA GO, OV TEQLOYY GuTi T OTLYPT| YIVETAL ExpeTdAAevom Tou PLROOROXKWDOOVE UDPOPOOEM IE-
G0 TV TOROVOREVOV PETaES TOUg Rapotzdv deEapevav Tov Gulkijov xat Tov Xtouvpiov. "Etot, n weoto-
10 avagopds meénet vo enertalel 0 peyediteon axtiva and Ta GOLO TOU TEXTOVIXOU TERAYOUS TOV Puhhi-
LOV, ELBIRG GO0V apod T SLEQETVNON TIE TUUTEQLPORGS TmY VOROPOREMV RUTA TOV EPTAOVTIONG TOV Hatp-
OTI%0U VOQOMPOYEN RatL TNV ANORUTAOTHON TS TOONYOUHEVNC LO0OQOTI(C.

Q¢ mpog 10 VdpoYEMAOYIXG cloTRe Tov PuAMLOL Goovg, eEyOnoay Ta TUPURATW CUPTTEQACIOTO:

O aofeorohBindg Gyrog Tov dukisjiov Gpovg, 6mmg %o 1 HxoOTEET pdla Tov Xtovpiov voTidteod, amote-
Lovv amopovwpéves petali Tovg rapotixés SeEapevéc, Tov oe ouvthizeg LOoPEOTING, EIVAL EVOTOUUEVES
OTOV UBQOPOQEN OV UVUTTIOOETC ETUPAVELOR (L OTCL PUHQOROKRDON PNETCATIRA VALHG (MAPIOAAKOZX et
al, 2001).

H exdijhwon tov mmyaév dutid tov Xtovpiov xat fépewe Tou Dvihjiov (Mixpd Bowvé) eivat to amotéheopa
S VPOETOLRIG DLapoQds ™S eheVBEONS EMPAVELOS TWV IKOORORRWBUHIV VhirmY exatépwbev twv aofe-
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otoMOkiY paldy, 08 CUVIVOONG (E TNV WTGTOUN RE(WON TS TOUTNTEG TOL VEQOU OTO METMITO TS UTEDAL-
wig emagic HETaED aoPeoThbou et RorXHOOUS VALHOU.

e Irto Xtougl, o ouvbiireg 100pQOmMIHg YIVETOL TOOWOdOOIH U6 TO HXOOKORAMON VOPOPOVEN UG TEL UVATO-
Mt ®o ex@AoTION OT0 JUTIRA, EVK TO (DLO PUIVOPEVO napameeitar oto Puikijo pe xateibuvon wrd 1o
voTo mpog 1o fopod.

e Imv moaypamxdmra, ot dvo aofeorombiés pdaleg dev eiva Tepd duo avorteg deSapeves avEnuEwng
vdaTayWYIHETTAS TOU TAOEUPARAOVTAL 0T CUVEX VIGYELL ITOOTOYYLON TOU FEDLVOU TINRUTOS PECM
TOU [UEOOKORKMOOUS UOPOPODEX.

o  OLTOOGTITES THE TOOPODOTLAS TWV RUQOTIAUIV VOQOPODLAIV EAEYYOVTOL ®VOIOS GG TO PIROORORHMON VOO~
POREM %Ol 08 PO Prlpd (o To ATROOPUOLAT raTaxonpvionata ov dExovial anevbelog.

e [lpw v vrepexpetdhhevon, 1 MECOPETOI TOV prEO%ROXXHOOVS VPOYOPEN Tapovoiale o Ourhij Aet-
Tovpyic. S0y Te0(080 KApNAGY UdATOY O PHEOROXKMONS opitovrag dexdTay TPoPodOTIt (s TOV KOQOTL-
%6 UBPOPOQEQ, LGYW TOTE TWV AVTATIOEMY OTOUS HETHATIXOUS opiCovreg, evi) oV TERIODO VYMAGIV VOGTWV
1 %00t VOEOPOEIH AVATAMEMVSTAY IE TOOPOBOOTIN TG TO IRQOKOKKDON VOPOPOPELL.

o Tijpcoa, pe dSedopévn ) datdouln auTis TS L00ROOTINS KL TO YEYOVOC OTL HEV (vamANOGVETL 1] CTHAELCL
oToV %atEoTHG vdpOYoREa, chrd avilfETog auEdveTal o€ enjola fdon, €yeL avaotahel 1 duThy hertovpyia
wou ey udBnxe 1) povédpoun dradgopni me Teoodooiag ats To UAQOROXAMON TOOE TOV RUPOTIHE VOPOPO-
oéa, #afoc Poloudpaote oe duaori Teplodo yaunhiy vOdTmY.

e H avarhiowon tov arobepdtov me ®apotwis deEapevic Tov BUAM{LOV AVAPEVETEL VOL TTORATAOTHOEL
mv avtiotpogn (opd s Teogodociag TEog TO prpororxmdN vdpogopEa (cuT| T QOopd ®oTd TV VYON
nepiodo mov Ba yivetol o epmhouToNdss), and m orywi mou 1 otdBun oroug aopeotdhbous Bo grdoel
neoimoy ota eninedw ™S OTABUNS TOU JUAQOROHXBIOVS VOQOPOREN. KL péyoLs 6tou amoxataotadel n Aew-
TovEYyit TV Ty Tou Mo Bouvou. To yeyovog avtd Ba £xeL wg amoTéAEopa T peimon Tov pubiol me
avédov me otddung otov aoBeatéMBo, agol moodtes vdatog o HOAITTOUV TAEOV Hal TO EMAEIIIE OTO
LROORORHON VOQOPOOEN.

4. AYNATOTHTEEZ TEXNHTOY EMIIAOYTIEMOY

Tt TIC AVAYHES TOU EPRTAOUTIOHOT TOU RAQOTIXOU 18P0GOEE, TO PEYOS TWV ATOYEOWY TTOV Tapovotdlet
QUOLaOTIRG EVOLaQEEOY amtd Ty dmoym g Suvardmrag afomoinong, eival ot TOOGTTES TOU AVILOTOLLOUV
UGVO OTOVEC LYQOUS PIjveg Tow ETovg, agotl autég Ba Samnorjcowy xaw ™y dlarta tov Eviéa wotd my mepi0d0
mov TEOPLENETUL O EPTAOVTLONGS,

Aappavovrag véyn ta doa mpootdlel 1 Agenda 21 tou Rio, %ot wuplog 6t N ®dBe avBpumvy TEOomd-
Bera TopEpPaonc oto Sudgogu QuooYEmAOYIXA oUoTIHaTH TOEMEL VL RIVEITOL OTO TVEVUE TG AEUPOOOV
avamTuEng, xoiBnxe wg anapdfaro mhaiow yue my duayelpion Tov TOOPMIETOC RO TV EXTELEOY TWV VTORO-
YIopGY OE gy€on pe Tic maEoyEs Tov Eviéa at g mooomreg tov Ba propovoay va Angbotv yua xoron ota
(oL TOU TEXVNTOU EPTAOUTLONOY, OTL:

o OF oyud weginToon dev mpénel va draragoyBel 1 dlawta Tov notapol xatd ™ Oeopr (Ened) wepiodo, dnha-
& om dudorera Twv VY od 1o Mdio og xat Tov SemtépPoto, ®utd Tovg omoiovg N mapoyy tov Eviéa
elvan purpdteon ad 1mY/sec oto otaBuG péronong Aevdodxia.

o xard TV vyEY Tepiodo Ba AapPdvetan VEQO povov Gtav 1 ooy Tov Totapoy efva peyehiteon and 1 m?/
sec.

Me YV@OROVE T0 TOQUTEVM, EYLVAY VTOMOYLOHOL OTNY #OTEUBUVON TS TOOOEYYLONG TWV TOCOTHTWY TOU
ooy va Mnglovv axd tov Evitéa, moovrag Tavo T npoimoBéoelg mov £xovy tebel, waL TpoodlopioT)-
%oy oL axdhovBec mapduetoot Tov mpofijuatog:

1. H mopoyr tov Eviéa, dnhadi ot dianvpdvoetg, oL arpaieg TES ®at 0 PECOS GpOg TS oS oY TAN-
oioteon duvari andotaon and mm o EVOaQEQOVTOL, Smhadr mv neploy] Tou Puikijov.

2. O uyoviouss mov dnuoveyel g dlarupdvoeig auTéc.

3. H ovoyénon tov magoydv ov Eviréa e tig fooyomTdoelg wow av eivar duvar n avigvevon mg avridpaong
TOU TOTAHOT CVAEROYCL IE TG ROTAROUVIOPOTE VA Aendv.

4. O pfoog £mjolog Gy#og VEQOU TOU ATOPQEEEL HECW TOV Eviméa non o1 aroaieg THES TO.

5. O moodTNTES OV PToEovY va AngBoly ymols va SraapayBei 1 dlowte Tov otapoy, pe fAOT TO TEONYOUNE-
VO ORETTHO.

6. H mbavémra eEaipeong mooonjtov umd Tig voThEpeves OPEMILES, MOV CUENIEVOY OTEQEOTAQOYMV.
Mze Bdion Gho cuTdt Ta OTOLKEL ®OL TOUG VIOAOYIOHOTS OV Oy paToTTOU|fnray, oL pEOES ETNOLEC TOOOTY-
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VOEOPOPENS et LECW KUTOU 7att OL urQoTEQUTOl (evépyovtaL ot 16.7 exar. m® wepimon enoiwe. Ané droym
TOGOTNTAS CUVETWS TO VOATLXG DUVIUIXG TWV VTOYEIWY VOCOPOREWY GTOY EVQUTEQO YWEO g hexdvie Ymé-
et - Oogavav eivar duvarév va avEnbel xotd 16.7 exar. m* avd €tog, ywoic va OwarapuyBel o guodc
ENTAOVTIONGS ot xatd Tv Beowi weplodo, dnhadi Tove wives Mdio-Semté uporo dev Ba hapfdveral vepod
@76 1OV TOTUPS. OL ATUITOVUEVES TOOGTITES VIO TOV EPTAOVTIONG QaivovTal OTov Tivara 1, xa and T OUYHOL-
on pe Tig wpehipeg mapoy€s Tov Evinéa, guivetal 6t ot drabéoines moodmres enapxoty Yo TV 1ooTALON
S EMfOLAS ABENONG TOV ERLE(UPATOZ TOU 2opOTL£0T VOEOPOE %al Yo Y oTadlax 1oooTdiuLon Tou ouvolt-
#oU eAhelpparos.

1EC WOV Popotv va Apbotv and tov Evinéa cuvolind oto péhhov VL0 VO EPTAOUTIOTEL O VITGYELOS HOQOTIRGS

HINAKAZ I: Zvyxpion tov diabéouoy arxd rov Evinéa xai tov ATAUTOUHEVOY Yia THY avarlijpwony Tov
elAefuparos Tooonijrwy vepor

Oykog xevdv (£AAeilppa |[Méon ethiola Méon) Avapevopevn | Etfioleg SLaPéoipeg
vepoU) petafl opLakdv | atfnon tou ETAOLo EThioLa noodinteg and tTov
emLnédov (exor. ma} E'Mtipuot130I;' xatelod, Tpopodooia Evinéa (exat. m’)
Mocootéd | +102m facg +65m fwg (exar. m) 0‘0!3/9&:\.13 and 1o
anofnxeut +65m +38m (exat. m') [pLKpOKOKKOET
Lxd1nTOC Uépocpopéaor
(exat. m’)
4.,22% 27.2 25.6 2.1 4.5 19.0 Méon[ 16.7

5. TIPOTEINOMENA EPT'A

I mv emhoyr g nebGdou xar 10 oxedueops tmv £oywy tou TEYVNTOU EUTAOVTLONOU OTN) OUYHEXOIUEV
nEQLoYT], €x0vv Angbel vdym o1 axdhovbol mapdyovres:

1. H yewhoyn — textovim] — veotextoviai dopi xau eE€MEN g meoLoyre.

2. H noponxonoinom tov avioorinay OYNUATLOUWY.

3. Hyewpetpio tov Bubuiy apotirdv vO00POQEmY Kat #UOINC CUTHY TOV VOrETiGoovTaL Sutind ™¢ vonTic
yoaupuis Xtoiol — Yraépeia.

4. H rapadoyj 6u o1 amorapotwpévor aofectéhfor tov DUAMLOV ETHOYOVOUY TAEVOLRA [LE TOUS VEGYELOUS
HOOOTIAOUS VOPOYOPEIS.

5. To yeyovég 6t 1600 oL mhevgwol, 600 %t oL VIGYELOL AOUQOTIXOTOWUEVOL VOQOWOPEIS EMHOVOVOTY -
doavhixd pe ToUg noUKDOELS VOPOPODELS, (v Gyt %t GAn TV EMPAVELL ETAPIS TOUS, TOUAAYLOTOV HERL-
#UG.

INa tov gphovtiops Ba yonoporomboiv xotd éva m0ooaTtd ot YEWMEQWVES amopQoEg Tov Eviéa motapon.

Ta nvping Epya €xovv we ebijc:

e Mxgd avaoyenixd godypa oty ®oitn 1oV TOTUROY. ATG TO onueio avtd, 1o vepd Ba odnyelta amevbeiog
ong hendveg xabitnong ToV £V aweioet VAKGY,

e Aexdvn xabilnong tov ev aimprjoer vixdy, ot daotdoeic g onolag Ba elval TETOLES TTOV Vo WITOQONY Vet
®MPouY Tig TapoyEs mov Ba yonoiuomomboiv YLOL ERTAOUTLONG.

*  Ayoyds peragogds tov vddrov ané T hexdvn ®abilnone oy Béon epmhovtiopoy péow Tov omoiov ta

elevBeQu ad Ta eV auwENoeL vhid vepd mou Ba €xovv ovyreviombel onig heraveg xabitnong Ba odnyos-

VIO PEOO plag avhaxag oty deEapevi) noepiac.

AeEapevi) neepiog, n omola Hu eivan EERE OYETRG WxEOT Baboue.

Lrjgayye epmhovtiopod, 1 onola Oa moémet va €xel darop daotdoewy Tovkdyiotov 3m x 3m %o HijRog

aoyird 30m xow #hion Tétoua GoTe va elval Suvam] n xivijon edmdby OYNUATOY, OTTWE [UAOWV YEDTOUTAVMY,

OYNUATOV LETAPOQAS VARGV EXORAGIS, OYMIATWY RUBUOIOPOT (GITOMV, HAT.

e Dpéuta evidg g orjgayyas ephovTiopoy, mov Bu avopuyHoty avd 5 HETOU nan Ba €xovv punoéc draotd-

oeig (Im x Im x 1m).

Iefoperga pécov Pabovg 100 pérpwv oe dudgopec AMOOTACELS ot T BEON TUEOYETEVONE, Yiee THY AU~

rokotifinom me aviidpaong e vdpogopiue otov EWTAOVTLONG.

ELrabpoi avtépamme yn@raic ratayoagiic xat HETADOONG TWY TOLOTIRWMV At TOOOTIXEV YUOUATOIOTIRGY

TV TPOG EUTROVTIONG VATV, OTO oMpeio g TaEOYETEVONG % EMONG Ha avdvin %o HATAVTY TOU

ONPElOV TS TAPOYETEVONS, YLt TOUS AGyous mou eEnyouvia TN OUVEYELDL.
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6. IPOYIIO®ELEIL HOIOTIKHE KAI ITOLOTIKHE IIPOLTAXIAX TOY YAPO®OPOY LYETHMA-
TOZ

O gpurhovTopds TOU #eEOTIXOU dev TPETEL vau yiveTal ot Pioog Tou UOLHOT EWTAOUTLONON TOU HOHAWAN VOO~
ooéct. EEGALOU, 0 GY20G %11 1] TOLGTTC TWY VEQUIV TOV Evitéa ov O pGvouy ot #ardvim Te TEQLOYIS EVOLpE-
00VTOC BEV TOEMEL VO ETMOEEGLOUY (OVITIXEL TCL UTAQYOVTCL OLKOTVOTIHOTOL RO vdpoyewhoyrés auviires,

i T, A
e g . - -
- ¥ T

% . T = - :“ 4
e 1800m
Sean medbptipou - Ackiren woBnanG - Aexibm OHOS Bton anpavyag
. g st
Ay OO ITUONG UV BTN
TRag 10 (YD,

Etx. 2: H mpotetvouevy mepioxij sQagroyrs Tov Texvyrou sumlovTiguot ue Tig O€oels T pywy oynuatixd.

“Etol, mpoteivetan o¢ anagaitntn neoindbeon na 11 Aerrovgyia Tov £oyov, poLl pe TV RUTUOREVT TWV
£oywv ephovTopon 1) dnpuoveyic %o 0 eE0TALONGS OOLOPEVIY OTEOPGY THQATIONONG XL HETOOEWV HE (UTO-
youQuAd GEYaVa, Yot GOES TAQUUETOOVS (UTO EivaL TEXVOROYIXA equetd. Trovg orabuovic cutovg Ba yivovia
OUVEXELS PETONOELS TV QoYY ®au g otdBumg tov Eviéa, ouveyelc avaMIOELS CUYHEROLUEVOV QUITAVTEV
HOTE Vi ATORAEWTTEL 0 EWTAOUTIONGS 1E HOAVOHEVEL %O QUITOYOVEL VEQG, AL HETONOTN TV OTEQEOTOLROYWIV TOU
Evintée. Me auté Tov 10670 eEA0QaAovIat T600 0L aVaYAA(ES TOOOMTES, GO0 Hou 1) CITCUTOUEVT] TTOLOTTCL,

Trov xardvo) otalud Bo yivovial OuVELE(S HETONOELS epoyv e otddpng Tov Evuréa mooxepEvon v
£lvaL YVOOTES Ol ANWAELES TOV (6 T BE0M EUTAOVTIOROU HEYQL EXEL.

Téhog Ba TOENEL VoL TAQUKOMOVDETAL TEQULETOIAA KL CUOTNUATIAG 1) meLopetpic T600 oTOV EpPTAOVTILG-
JLEVO KOOOTIXG VOQOPOREN GUD XL GTOV HOXRWON, OF DIGPOLES amootdoels axd ) Béan epmhovTiopon.

‘Otay oL PETETOELS SETEQVONY %Ol TEORUOOOLONEVE ROTOLCL GOLCL TLREIV YLCL TNV O], TOUG QUITAVTES
— HOAVVTEC 1 T OTEQEOTQOXT] Dot DIRGTITETO CVTOUOTEL O EPTAOVTLONOS, HEYOL TNV AoN TwV SuopEVAY cuviy-
ROV,

7. EYXAPIETIEEZ

Oa Bhape va evyaplomjooupe 10 Yrovpyeio Fewpylag xon eidind m AetBuvon Tewhoyiag Ydpohoyiag
xo MaBnporiady Opotmpdtoy, e o xonpatodémon tov omoiou €ywve duvani 1 exéynon ms Ydpoyewhoyt-
wijic Mekémg Tepmrov Epmhovnopot Kagoturdy Ydpogopéwy IMepopis Oppavav (N. Kapditoag) —Ymeé-
oewae (N. Adploag), Tjpa Tmv aroteheopdTov mg omotug rapovoLdteton omy Tapovon egyaoia, rabog ro
mv YEB Adpioag »aw tov TOEB dapodhwv yie ™ SLEOEO CTOLEINY OTAQAITITWY Y10t TV EXTOVIION TOU
£pyou.
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YIIEAA®IKH TEKTONIKH AOMH ETH AEKANH TQN ®APZAAQN (OELIAAIA)
QX KAOOPIETIKOZL ITAPAI'ON AIAMOP®QEIHE TON YAPOTEQAOTTKOQN
LYNOHKOQN THX IIEPIOXHL'

H. MAPIOAAKOL', . AEKKAL', T. IIATIAAOTIOYAOY, A, AAEEOIIOYAOL!, I. ®OYNTOYAHE',
I. AAEZOIIOYAOX, E. LIIYPIAQNOL', I. MIIANTEKAE', A. MAPIOAAKOY, E. ANAPEAAAKHE

ILYNOWH

H eqappoy, om hexavn tov @apodhwv, me pedédov tou TEXVNTOU EPTAOVTLOROT TOU RUQOTIXOT VOPOGO-
OEQ, AITAITNOE T HERETN TS YEMUETOIOS TOV avBpamixov vtoBdbpou e mepoyns. I to onomd autd cuvoud-
OTNRAY GTOLKElR oG T AenTopeo yewhoyui yaotoyodgnon, ™ YEWPUOIKY EQEVVAL, EQEVVITIXES YEMTONOELL,
#ablog xau 6ha Ta diabéoa mpoiindoyovra otoueic. Ané ™ ovvOeEom Shov auTdy Twy OTOLYE(Y TROERNPE O
UrEdUpLLOS AOTNS TN 000IS ToU avBpariot vroBdboov, To omoio maCer xaboprotixd p6ho ot dapdope-
on TV VIEOYEWAOYLHUIV CUVENRGV TS TEOLOYTC.

ABSTRACT

The application of the method of artificial recharge on the karstic aquifer of the Farsala basin (Thessaly),
required the thorough study of the geometry of the carbonate basement of the area. For this purpose, data
deriving from the geological mapping, the geophysical research, sampling boreholes as well as all the available
sources, were combined. The reconstruction of the buried contact between the carbonate basement and the
overlaying sedimentary formations, based on this data, followed. This structure proved to play a determining
role in the hydrogeological conditions of the area.

1. EIEATQI'H

Zm hendvn v @apodhov, %ol elOMGTEQN OTO TP mg Aerdvng ®ovid oto Puikijiov ‘Opog (eptoypi
Yréoews-Oppavav), ota mhaiow g épevvag Yo ™ duvatémia TEYVITOU EUTAOVTIONOU TWV KUPOTIRWV V-
dpogoptmv g mEpLopg, peheniBnxe TexTovi dop #dtw and ug Tetaptoyevels amobéoeic, T To oxomd
U6, EXTOS OO TN RETTOUEQY] YEWAOYLRY] — TEXTOVIRI] XOQTOYRAGNOY, TEaYHaTOTOU|BNXaY YEQQUOIKES dia-
OROTU|OELS UE OHOTG TOV TIQOUDLOQLORE TS YEWUETOIOE TOU ChTTLxot avBparirot avayhigov wdtw and T pe-
Tahminés whaotines anobéoers. H ovvBeon tav ATOTEAEOUATOV TOV YEMPUOKGY SLEOHOTHOEWY %Al TWV YEW-
Aoy dedopgvmv agovoudloval e T popgy vedagiron xdaom.

H meguoyn perémg Potonetan om vorodutuaj mhevod mg Mecobesoahinric Payng o xahvnrer my avato-
Mo amSingn mg Aexndvng Avtiniic Osooahiag. Tlodrertar yia ™ peraPanirn Loivn petald Tov TExTOVIHOU RE-
0arog Tou 6povs ‘OBPUE %ett Tov IxEGTEENS TAENS TEXTOVIXON %EQATOC TOU Duiiiiov G6povg (Ewdva 1).

Me m yorjon CAD ovotijparog (“SURPAC20007, 1995(a,b)) rataorevdomue 1 empdvele g emagrc
HETaED Tov ahmuinol avBpoiol vTofddpon xat TwV HAUoTIRGY petohmndv amobEoewy, 1o Yngrard poviého
™G TONOYQUPltg TEOPGEAAOVTAL OL YEWAOYIRES EMAQES, HOTE VO ATOXTHOOUY TV towodidotam Béon Toug oto
AWQO. ZTN CUVEYELD ROTOOREVATETAL 1) EMUPAVELD TTOU CVTITIROOWTEVOUY TUTES, ¥ONOLHOTOLDVIAS Heil GTOLY
Ghha TOOOTHG 1] MOLOTIRG CTOLYE(C VIAEYOUY Yict T YEWUETE(T TOVG, YEVIRES DEvBUVOEIS TERTOVIRGV Sopv
™S TEQLOYNG (TYWOELS, OfyHaTa) ®abBug %t ATOTEAEOUATA YEWPUOIRMY SLoROTHOEMY Rat EQEVVITURWV
YEWTHOEWY. O CUVEVUOUGE CUTHY TWV OTOYEIWY HOg ETTOETEL Va HATAOREVACOUE TNV UTOYELR YEWUETOI
™S EMPAVELOS TTOV Pag EVOLOEEQEL.

* THE SUBSURFACE TECTONIC STRUCTURE OF THE FARSALA BASIN (THESSALY) AS DETERMINING FACTOR OF THE
HYDROGEOLOGICAL CONDITIONS OF THE REGION,

1. Univ. of Athens, Fac. of Geology, Department of Dynamic-Tectonic-Applied Geology, Panepistimioupoli Zografou, 157 84, Athens,
GREECE, e-mail: mariolakos@geol.uoa,gr

2. Univ. of Athens, Fac. of Geology, Department of Geophysics and Geothermics

3. E.U. Berlin, Institut f. Geologie, Geophysik & Geoinformatik, FR Geoinformatik, Malteserstr. 74 —100, Haus D, D-12249 Berlin, GER-

MANY, e-mail: vangelis@zedat.fu-berlin.de
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Ewxdva 1: H mepioyt] HeAETIG %A1 01 VEOTEXTOVIXES HOXQOOOUES TTOV EVQUTEQO XBPO TS Ocooalnjs Aexdvis.

2. TEQAOTIKH AOMH - NEOTEKTONIKH IIAPAMOP®QXLH

H nepuoyn nehéme dopeitar amd ahmric nhxicg oynuatiopois Tov avijrouvy ot YEWTERTOVIAY EVOTITQ
me Avarohwiic EAadag, megiBdhheran de amd perahmnés amobéoeis (Ewmdva 2).

O petahmiol CYMUOTIOROL TOU EIVL (il OL VEGTEQOL AOTEROTVTAL (Td:

Ohorawvinés mpdogareg anodéoers: Modrerran yio \Gijpata ahhovfranis og el To mheiotov TOOELEVOTG,
QTOTEROUPEVA TS appddEeLS 2o huddelg motdes amobéoets, ohoxawvinic nhuriag. Tomud avarniooovTaL
#OVOL HOONUATOY OTC TEQLOMOLE TWV HOOPOLOYIRAIV EEAQTEMY. TO VARG % TO TAYOS TOVS petaParheTon oo
Béon oe BEom nau eEaprdTan o€ peYaho Padud and Ta viund Tpogpodoaiag, T mahaoavaylugo ahhd 1oL oo g
nahaorhparohoyirég ovvbhjrec.

O1 mherotoxavizés amoBETels AmOTELOUVIAL GOXAELTTIXA U6 YEQOUIES ATODETELS RO ATOVTMVTAL 1S
vhd Thjomong e herdvng tov Papodhwv. O eproodtegeg and Tig anobéoeig elvo TOTAIES 1] amoTehov-
viaw ané ahhovPromd ourtidia xal xwvoug xoonudrav (Schneider, 1979) . Kiguo xaQa#moiotx:s avtdv twv
amofBéoewy eivan 6Tt €govy oav faawi T Toogodooiag Ty eyt ™s ‘Obguog (RaparmELoTIA 1 THEOU-
oio Bpavopdtmy pudLOAAPIT!Y).

Neoyeveic motapo-Mpvaiovg oynpatiopovs. Arotelovviat aé eouboug miols, apythoapuwdn vhind
urotc ouvertixéTTag pe didonagres xpoxrahoharimes owiing Mboroyuic ovoTamms xweis TOOOUVATOAL-
OUG %a xporahohaTumomay e otougeic mou @Bdvouy pEyot xat Im peydin dudpetpo. Ot hyvaies arobéoelg
amoTEROUVTL (TG EVOOUITTES TEQQEC Ewg VTCAEVKES PADYES UE OTOWHaTA Tdyovg 5-20cm pe ratd BEoeig Yoy~
HUITIHES RatL ®KEOXUAOTOYELS EVOLOOTOWOELG.

Ot ahmxol GYMUETLONOL TOV ATOTELOTY TO VAGRABOO TOV TQOTYDOEWY OTO REYAAUTEQO TUrIa TG TTEdLd-
dac (BopeLa vt avatohxd), avijrovy oty evémnta Avatohars EAAddag o amoterovvral o6 ta axdhovba
TETOWPATOL:

o DMioyng: Modxreral Yo »haouzés amob€oels anoteholjieves and apytrolg Yappiteg, oyioteg nubog
20 ®OORCAOTICYT] e EVOTOWOELS paQyin@V aoBeatoribwv. Engaviletal xatd HE0ES 0Te avatohxd - vo-
TIoavaTOMXG TEOLOMOL TS VTG EEETOON TEQLOYIS, UTTEQUELTHL KAVOVIXA TOV ENXGIEVOU OYNILATLOROT, %ot 1)
NAALE TOV EIVOL NWAOVLKY.

o Avoxpntudxoi AoBeoréhfor Tpdxrertal yio emrhvoryevels aopeotohboug pe papyainég EVOLOLOTRWOELS
wow wapepufoléc dotpwtov 1j Taguotpwpatnd®v acBectohibwv Tov ota ropugaic OTOMPOT HETATITTOVY
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TETAPTOMENEEZ

] AMouBiaxéc amoBéoeig (OAdxavo)

MAEUPIKG KOPALATA - KU1 KOPMUATLIY (OAEKaIVO)
Xepoaicg amoBEoeig (MAaioTéxaiva)

NEOFENEZ

@ Norapohpvaics amoBiatig (MAsidkavo)
MOAAZIIKOI IXHMATIZMO!

EEI Kpoxahomayr) ka waypiteg (Zeipd Asovrapiou)
(OMyoravo - Meibkavo)

ENOTHTA ANATOAIKHE EANABAE
=] oMioxng (A Kpnnitiikd - Haxao)
EE AoBearohBor (A Konridixo)
= sxoroxeparonaixa sidmaaan

(loupagixed - K. Kpnndikg)

O®IOAIBOI
Baowd ke umrepBooika exprivevy

TETPLILATD, CEPTIEVTIVITEG

—— Tewhaoyiko opio

= = Priypa ka1 mBavr mpoékraon Tou

-

Eginmeuon

*vme YOPOKPITTG AExdving Tou EviTria mrotapod

—— Y@poypagikd diktuc
K Kipieg kapomkéc nyég

Ewmdva 2 l'ewdoyinds ydotns tns meproyrjc uedérne

ot RhanmOELS hemromhandders. O mhanideis - herromhantdeig aofeotéhbor efvau Troympévor ue dsoveg
oy v dievbuvong A-A. Ot dotpwrol hatvronoyeic ynoixol aoPeatohbol elval TEQLOCGTEQO KUEUTIRO-
TOUIREVOL OTT6 TOUS TAAXWOELS Aemromhaxmdels. Ot avamonudikol aoBeotéhBot 010 oivord ToUg DEV Elval
eviaiot. "Etol duaxpivovrar og hatumonayels GOTQWTOUS %0t puxoLtinovc TAARWDOELS - heMTOMAORDIELS -
apeotéhboug swou eivar hemopgvol 1600 peTatl Tove 600 et ue Toug ogLéhbove. Zopgpova pe to fiphoypa-
pua dedopgva (ITME guiho PAPZAAA -Mmogvifag I n.d., 1975), Sogreah, 1974) ou avuronudmol o-
opeothbo dev eivan évrova magapop@wpevor. ‘Opne, 1 CUOTNRATEAY LERETN TG TAQUPGOPMONS TWV ch-
TRV CYNPATLOPdY oty TeQLoyl] €818 GTi oL ahmirol OYNIOTIOUOT TAQUUOQPWVOVTL YLOL HEYAAO Y0OVIXG
dLGom e T600 %ATA TOV AATHG HT%AO 0QOYEVEAMC G00 % HaTd Y TOA) TEGOPATN VEOTEXTOVIXY TTEQIOSO.
ATIOTEAEOLA TS TRWTNE TOQUPOOPWONS 1iTay 1) Snuoveyia Sopdv Thaotxol Yapaxnijpa (arvyés ouviifug
®heWTES) pe GEoveg SieviBuvonc A-A Goo xat onyudrwy drag dievbuvong. Avtég o TErToVIRGS 0TS CUVEYL-
O VO TOQUUOQPUIVETAL Hett #UTA TV TQCOQOTN VEOTEXTOVIXI] TTEQ(0d0, 1 omoia %o Tov xubdpLoe ) onue-
o] yeopetoia. Ot Sopég mov €ovy npoxipel axd auTlj ™Y THQAUGOPOOT Eival T600 TAAOTIHES (Heydhec
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v  PuBooromnong \ QOUVEYEIT avTioiaorng pETaATTiKES umofaBpo
(oe Ohm.m) amoBEoci

Ewxdva 3: Zvyxotruaj Toprj s eounveiag tov VEONAEXTOIRAGY OLaoXOTIOEWY (»dTw) xar g peraforrs g
ordfung s vigogopias oty idia neproyif and o 1967 wg To 1998.

avowtég TruEg pe dEova dievbuvong BA-NA) oo xat Boawotyeveis, AemmoeLs xan eriypara devbuvong
A-A (MAPIOAAKOZ et al., 1999, 2000).

o Oquihbou TTepthapPaver oeEMEVTLVITES, TEQWDOTITES Mot dovviteg MOV VIGREWVTOL TWV CVORONTLOUAWDV O-
opeotoriBwy, 1 d¢ Torobémat Tovg v ot EjpeTe ™E TLdIRoiovaors TAATPOQUAS £YWVE TIOLV TO
Avdrepo Konudind. Epgavitoviar oto foeelo Turipe Tov Napbdriov xovid oto dapoaha.

o Iyotoxeparortbueri dudmhaon: KeparohbBot o Oy MHOL OY{OTES [LE OTAVLEG EVOTQWOELS HOORCAOTCLY IV
#a aopeotdhbav. Epgaviletal oo VOTLOGVOTOMMNG - cvaToud TeBBoL TG TEQLOYG EQEUVAS. T v
NAAiC TOU AVOTEQD OYNUATIONROT SV WITOQOVV VL YIVOUY OUPES EXTYOELS, AhAd HE pon oTowuaToYOupL-
®OUC CUOYETLOPONG TTPETEL VO EIVaLL TO lovpaouxd.

3. TEQ®YELIKH EPEYNA

H yewguout épevva nocyparorouiBnxe 0to TESVE TUIHC TS TEQLOYIE PEAETC ®aw o E1dIXd OTO THUK
petakl Tov Adguv Xtovpiou zot DuAL{LOV, TIQOKELUEVOL VL Samotwdel av vrdpyel anevbeing emrovovic
v S0 xapotrdy vdpogogéwy. T m pehém xaravopric Mg ewduig avilotaons mhevprd zol oe Padog,
entehéoOnuay 17 YEONAEXTOLKES puBooromioeis (Ewdva 4) now yonowpomouiBnxe n dudraln Schlumberger pe
péyLoTo avdmruypa Nherteodiny pElpaTog (AB) 2000 pétowy, HE EXTIHBUEVO Bdbog épevvag peyahitepo Twy
250-300 pgrowv. O petorjoets erfjgbnoay pe Soyave MPniig MOTETTAS Kot guxpivelag (Terrameter SAS 300
B pe Booster SAS 2000), n d¢ emeEeQyaoio ®o gopnveia Tov Sedopévwv vraiboov moaypatomoniinre pe
%0107 VTOLOYLOTIROT TROYQGUIATOS TTOU BaoiCerar ot péBodo aviotpogris tov ZOHDY (1989) xawto RESIXP-
plus. Tty #ATAORELT] TOU VIEdapLLOT YAOTY TS 0QOPTS TOV avBpoxuxot vropddgov, eMjpBnoay VoY ®oL
aEohoyiiBrxay yemguowd otorgeie (36 yewmhexrtowég PuBooromioeLs) NOAALGTEQWY YEWEQEUVITIRGV PEAE-
v (TTATIANIKOAAOY, “Ex8eon ITME, 1971).

Tia TV GELOAGYNOT TV YEOQUOWWY ATOTEAEOUATWY auteuTeltan 1) oUy#ELon 1j cuoyETon PETaSt TwV Ye-
WAOY ROV (OYMUATLOREY) KL YEMQUOLLAY (TLUAY E1DLXNG OVT{oTAoNS TOV OYNUATIONGV) OTOLEELWY. ZTN) OUYHE-
XOLEVY EQEVVEL, TCL YEDPUOLRA dedopéva fabpovoprifnray pe HETOHOELS OF EQEUVIITIXES YEWTONOELG IOV EXTE-
Aéomuav ot emheypéveg DECELS. [Moparinha, ebijgBnoay vdyn To AmOTEAEOIATE OV TPOEXVPAY AT TV
extéheon denaevvéa (19) ‘enl témou’ YEONAERTOXOV PUBOCHOTIOEWY, WrQOU OYETIA AVATTTUYHATOS NAEXTQO-
diwv peiparog (AB), oe BECELS EpAVIONS TOV ahmrot voPdBoou (in situ), jiE OROTO TOV TEOOBLOQLOUS TS
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TETAPTOrENEZ ENOTHTA ANATOAIKHE EAAAAAE

[] AMoupiaxic amoBéoeig (OAdkaivo) DAUOXNG (A Kpnmidiké - Hukaivo)

MAEUpiKd KopripaTa - kivor kopnpdrwy (Ohékaive)  FTTT] AoBeotéhiBol (A. Kpnridike)
Xepodieg amoBEoeig (MAsioTéravo) E ZyiotokeparohBikr SidmAaan
NEOIENEE (loupaoikd - K. Kpnniika)

@ Norapohpvaieg amoBéoeig (MNAsiékaivo) O®IONIOOI

Bogikd kan umepBaoikd expnéyevi

—— METPWPATA, CEPTTEVTIVITEC

& Kipieg kapomikég mnyéc
H: AMOAYTO YWOMETPO YNOBA®POY (m)

150<H 50<H<100 0<H<50 -50<H=0 ~100<H<-50 He<-100
@ LB14s Qfon yewrpnong 81 Dion VES (ora mhaimia rou O P30 Géon VES (oma mhaima
EQEUY. TTROYRARHATOC) TahQISTEDWY TTPOYPAPMATLIV)

Ewxdva 4: Ynedaquxds rexrovinds ydors ue ta onueia daoxomjocov.

E81fg avTioTaoNS TV CYNUaTIOpGY ot Bgon ep@aviong tovs. Ot in situ TES edAS avtioTuome Tapovoid-
omray VYMAGTERES Ul exeives OV TEOOBLOEIGONHAY mtd TIg yeemhextounéc frbooromioels oty gvpiten
meQLoyn s YrEQeLag, Adyw »uping mg Enpds emoyric SteEaymyrc Twv peTprjoewy vraioou.

An6 mv eneEeoyacio twy pETEioEmY, T600 0T BECELS TwY YEWTONHOEWV, 600 %t OTIS EMPAVELURES EPPQL-
VIOELS TWV OYUOTLONGY, TOOEXNPE GTL:

e Ourhaotnég petahmnés amoBéoeis napovotdlovy éva epoc TmV e1ddY avtiotdoemy 15-60 Ohm.m. H
peon e aviiotaon vrokoyiomxe ota 45 Ohm.m.
e OuavBoouxol oynpaniopol Tagovoldlovy yeviud éva eipoc TV e1drov aviwotdoswy 200-2000 Ohm.m
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son ward Ogoeg (S1. 82 waw $12) ipég uxpdtepes twv 200 Ohm.m, wov mBaVEY va 0geOVIUL aToV VYMAG

BabpS XUQOTHOTOMONG TV avBoxriy oynuotiopdy. H péon edunj avtiotaon vrohoyiomxe ota 1000

Ohm.m.

AGpBAvovTag vIdm To ATOTEAESUOTA TTOV TEOEXRUPY A0 TUS (R Sitl LETONOELS TS ELOLAS AVTIOTOONS OF
YVOOTOUE YEMAOYLXOUS OYIHITLONONS XAl Tat amotehéoparte g AEIOAGYNONG 3 YEWTONTIRDV Kl YEOPUOLHEV
oToEiwY, eivor Suvotdy va emrevyBel wic TANQEOTEEN EOVEL YICL TOV YUQUATIOIONG KOL TO pabog Twv yewho-
VIOV OYNUCTIORGY PE TIg NAERTOIXES TOUg mapapuétpovs. “Etol, HUTUOREVAOTNAAY YEOQUOLLES-YEWAOYIRES
topéc (Ewdva 3) o oyediaotnze 0 xGomg Tou avayhigou Tov avioarixol vropdfoov, ®dTw oo Tig ®ACOTL-
#€c amobéoets.

Sy Ewdva 3, £x16¢ a6 0 GROTEAEOUATA TWV YEONAEXTOWDY SIAOXOTTEWY XaL TV EQIVELX TOUS OF
oyéon pe To eidog Tov vIePaboov wa Tig enELyeveis Sopes, ragovodCetan 1 meCopetoln Tov vdOYOREX OTHV
idia eowoy. “Exouv moofhnel o vaputihes e melopetpiag Amothiov Tov 1967 (otouyeia amd Karhéoyns,
1970) et Amothiov Tov 1998 (056 HeTOOELS TS EQEVVITIXIS OPADAS). ATIG TN OUYXQLOT TOV VO XAPTUADY %Lt
™MV aviutaeaBolj e TV EQUNVELL TS YEM@UOLRYS Toprg, EEdyovTan Ta axohovBa oupTeQAopaTa:

o Ta ompeict ®epumic TwV RapmuAdy g meloUeTElug avToToLOiV 0TI TEQLOYES IOV 1) EQUNVEID TOV YEQQU-
oy dedopvav evIoniCel kehvppueves and hipara pnEuyeveig Coves,

o ITIC TEDLOYES OV TOUTELVINVETCL ATGTOPa 1) OTAOuT ToU VdROEGOL opitovTa, To Véfaboo Twv HOUQOTLADV
aoPecToMBwY BoioneTor MO %ovTd oV em@avele. Auté ovpfaiver STl N VIEQGVTANON OTIS QOOEVTIRES
yewtproeLg, oL omoieg vabe p6vo eivan Pubitepeg, mporahel UEYOAGTEQY TATEVWON 0T OTABUN TOU ROP-
OoTLoU VODOPOREN TE TYEDN ILE TOV ROKKWON.

4. LYZHTHEIH - EYMIIEPALMATA
H ovorpati] yewhoyui, vdooyemhoyix ron yeoguow €pevva £deige T axdhovba:

e To aofeorohOins véfaboo Polonetan o peydha fEbn TEOE TO REVIQO ™S TEQLOYNC petaEi Xrouplovw ©at
durhijiov (-50 we -100p andhuto vpépeTEo), evd om Béon mg fuboondmnong S6 poioreton wdtm and Ta -
100 péroa. Enewdij ta aoteréopara twv dwoxomjoemv Bemeninray aEimota péxor 1o fabog tov 300
pétowv (mepimov —150 pérpa amdhuto VPopeTEo), otg Béoelg mov dev evromiomxe pexoL Te ~100 HETOW
(am6h. vpop.) 10 avBpaxxs vadfadpo, extudran 6 Poloxetar ot peyokitepa Pabn. Metagi twv fubo-
oromijoemv S6 & S7, optofeteiton pice Livn evpouvg 1000-1200 pérpwv, émov 10 aopeotombizé vrdpaboo
Poloneton o€ peydho Babog wau Exer petaromobel Tertovind. Avapeon and g pubooromioeis S6 & S7
dtépyetan ofpepa o motapds Evitéag. To aofeotohBins vréfaboo foloxeto eniong oe peydaho fadn ova-
Tohurd Tov Aégpou Xtovpiov otov owiopd Exnvizot zat féoeta me fuBoondmmong S28 pe fdom ta ototyeia
tov ITME (ITATTANIKOAAOQY, “Exfeon ITME, 1971). H ynj mg ewdwiic aviiotaong 200 Ohm.m zdtw
amé ) pubooxémmon P28 eppunveteton 6L aviLotoyel 08 AGPEOTOMBIXG OYNIATLONG, EV) OL TIRES 22 non 35
Ohm.m mov mepovatdtovial xdrm and g fubooromioers P29, P30 & P31, avuoroiyolv oe TAELO-TIAEL-
OTORCIVIZOUS TYNUGTIONOUS, TOV AmOTEROUVTOL (td aoyihovs E(TeE apyEe(s elTe pe EVOAACYES YAPULTOV 1)
rooxahonaydv. H mpog avatohds mapovoin 1ov aopeotombiot vhizod oug fubooromioeig P33, P32 &
P28, e paon e otowyeic tov ITME (TTATTANIKOAAOY, “Exfean ITME, 1971), mbaviv va ouvdpdpet
oV xaravonon mg Thevpuric 1ogodooiug Tov aofeotombuol dyxov Tov Adgou Xtovpiov, OO £yEl
evromobel vynin vdpogopic.

e O Béoeig oug omoieg Sev €yl eviomotel 10 Voo exTUGTAL OTL CUUAITTOUV jE onEuyevels Cwveg
rahoppgveg and lipato.

o H unéyein emmowvmvia tov copeotolbixdy Gyrwv 1ov Adgpov Xtovpiou xat twv Bogeing EVDLOROPEVOIV
aoPeotohBudv Gyrov (6pog Puihijlov), draxdmtetar fopewe mg fubooxdanomg S7 TOUAGIOTOV HEYQL T¢ —
100 péroa a.v.(ph. Ewx. 3).

e H vdpogopia péoa ong xhaouxés petahmres anobéoelg vatd mepintwon elvar mhovoe %o opelheTaL
atove udoopEpEic ®uplng oynuamopols (Yapupites, voorahomayij %.A.7.). Zmy TEQITTWON auT o1 TUHES TV
EIOMY VTLOTROE@V TOQOVOIGELOVTaL TyeTnd vymhoTees (mepimov 70-80 Ohm.m). Mo Tétola TeQLoy
éxet eviomobel wdrw oné m frboorémon S6, 6mov ot amdhuto VPOpETEO -150 pETony Exel eviomobel
adpopeorc oymuaniopds pe mbavi mhotoie vOPOPoOLct.

o H ouvohini vedagxy eiéva ™ ogogrig Tou avBparizot vtéfabooy omy mepLoyr HETAEY duihijov,
Xrtovpiou #on Puoodhwv Selyvel 6Tl #aTw otd Ty Teddda VITAEY OV TEXTOVIXG REQUTE KOl pubiopora 2
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zar 3T 1GEng, mov oprobetotvran pe priypata dietifuvone A-A xaw BA-NA. Zuvenaic, ot ouvvthizeg vdpogopi-
ag Chhd 4aL 1) OYEON KORRHOOVS Hitl KAQOTLHOV vdpogopén petafdihoviat avdhoya.

5. EYXAPIETIEX

Oa Oéhape va evyupomioovue to Yrovpyeio I' EwQYlag ®ow £10tct T Arevibuvan Cewhoyiag Yodpohoyiag
ot Mabnpanzay Opotwpdroy, pe m xonperodémon tov ooiov EYLve duvami 1) exmévion me Ydpoyemhoyi-
s Mehémg Texvnrot Epmhovtiopot Kapotiudy Ydoogopémv Ieproyric Opgavav (N. Kapditouc) -Ye-
eetag (N. Adploag), Tinjua Tov amoteheopdtov S omoleg TAPOVOLALETAL 0TV TTapolow E0yaoia, nabug o
mv YEB Adowog xaw tov TOEB ®apodhoy v m dudbeom oroyeimy amaoalmTmy yue TV EATOVI|ON TOU
£oyov.
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YAPOAOTI'TKO KAGEXTQX THX IIEAINHE ZOQNHX THE AEKANHE
TOY ANOGEMOYNTA (OEXXZAAONIKH)®
©. NATKOYAHE', K. AOYIIAEAKHE'

IZYNOWH

H sedvn Ldivn mg hexdwng tov AvBepotivia BoloxeTal 0T0 VOTIOUVATOARG T TOU Vool Otooahovi-
une. Q¢ aepraonxn Lwvn mg nékng e Oeooahovixng, TOTEREL VAV (6 TOVS ONUAVTIKOTEQOVS TOAOUS €AENC
YL TV AVATTUEY 0UOTNOLOTIHTMY TTOU G@opovV TOV TOWTOYEVH %ol TO dEVTEQOYEVI] Topfa ™S mapaywyic. O
ovveyis avEavipevog puBpds g otloTirng avdaTuEng, 1 otadiart] eyratdotaon fropumyaviay xot Bloteyvidy
oL OL 0ROV CUEAVOPEVES AVAYRES OE AYQOTIX( TOOIGVTU EXOUY 0V amoTéAeoia Ty avEnon me ratavdio-
ong Tov vadyEtov vepov. H natavdhmon Tou undyelov vepoy, tov 1o £1og 1998 égrace ta 23.610.000 m?, mpord-
LeoE TV TAREVOOT TS OTAOUNS TV VAGYELMY VOPOPEoWY OQILGVTLY 08 GAn TNV £XTUON TG AEXGVNG Kl
odjynoe omv vrofdduion g ToldmyTas TV VGyelwy vepdy. H Cwtuni onuaocic mg meduddag tou AvBepon-
vra oty avdntEn Tov Iokeodoprot ovyrponipatog e Oecoahovinng akhd xal 0hGxANQOL TOU VOUOU EXaVE
ETTORTIAT] TV vay®1] TS REAETNC TOv 1daTi*oU duvapurol g mEQLOYNC. TV TUpovon EQYMOin £YIVE TOO-
ondbela TpoofyyLong tov xabeatuitog Tov empatel oty meELoYY] Aapfdvovrag viéyn oo To duvaTov TEQLO-
OGTEQES TUPAPETOOVE, EVE) TAQAMNAC GELOTOLHVTUS TS TOUPUUETOOVS HUTES daTuIBBN#aY TPOTAOELS YLot TV
CVTLHETEITLON TOV AVUUEVOREVIV TROPANUET®Y.

ABSTRACT

The basin of Anthemounta is located on the West - East area of Thessaloniki prefecture, close to the city of
Thessaloniki, in Macedonia, Greece. Into the wide area of the basin of Anthemounta a lot of development
activities take place, concerning the primary and the secondary section of production. The extensive built-up
areas, the numerous industries and the extensive cultivated fields require big quantities of ground water. The
estimated quantities of water that were consumed during the year of 1998 were 23.610.000 m*. That consump-
tion has caused an extensive drop of the piezometric surfaces of the ground water layers. The extensive drop
caused an important downgrade of the water quality. The main reason that caused the downgrade of the water
quality is the penetration of the low quality seawater and the penetration of the water located on the west side of
the basin. All these facts obliged the local authorities to assign a study concerning the conditions of the ground
water reservoirs. This paper reports the conditions that take place into the water layers. Also, in this paper many
propositions are mentioned in order to avoid the foreseen problems. The main proposition is the creation of a
management organization, responsible for the management of all the environmental aspects including the man-
agement of the ground water.

AEEEIL KAEIAIA: Ydpohoyixi] hexdvy AvBepoivia, rabeotds-roldmra vdoopopmy.
KEY WORDS: Basin of Anthemounta, ground water conditions - quality.

LEIZAI'QI'H

H meduida tov AvBepovvra Boloxetan ota avatohixd Tou TOAE0SOUIHOT CUYREOTHATOS TG OEcouhovinng
AOL YEVIXOTEQT OTO VOTLOOVATOM®G Tpujjuct Tov vopou. Zmv €xtaon avn nepthapfdvovial déxa ouveyng ava-
TTVOOGREVOL OLRLOROL EVEY TGN AL TapaEETOL LOLTEQX AVATTTUYHEYY YEWEYIXY SdpaoTnOdTNTa o a-
Eiohoym Propmyavinr xar Protexvin] ouyrévipmon. Exiong, omv medudda tov AvBepoivia folonetal To yew-
Bepuno medio Twv Aovtpov g Ofpung ®at 1 Iy Twy avBparotywy HeETalMrMY VEQWY TS ZovpwTic.

H Cotw) onpacia mg xediddag tov AvBepotivia oty avdantugn tov ITokeodopuxol cuyrQoTHRaTos TS
Ocooahovinng ahhd #a OAGHANOOU TOU VOO EXAVE ETTORTIAT TNV avayxn TS HEAETHE Tou udaTRoT duvayi-

* HYDROGEOLOGICAL CONDITIONS OF THE PLAIN AREA OF THE ANTHEMOUNTA BASIN (MACEDONIA, GREECE).
1. K. Ntdypa 15, @eooahovinn.
2. AlO, Twijpe Fewhoyiag, Egy. Teyv.Tewh. wa Ydpoyewh., Bealvin.
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%ot g meptoyiic. H mapovow dnpooievon amorehel Tijpa ms pekémg ov avatébhyxe and 1o ZvpPotiio mg 1%
edaquuis Teupgpeiag Beooahovinng oty ANATOAIKH A.E. H ovkhoyn zaw n aEohéynon tomv otoyeiny
£yLve amd TOVUS OUYYRUQELS TG EoYaolag EVa) 1) EMPELELR TV LoOTHV Eyive and Ty XQPOTEXNIKH A.E.

2. TEQAOTI'IKEL - TEQTEKTONIKEE LYNOHKEL

H hexrdvn tov Avbepotvra amotehel mpogrtaon mg evptitepns hexrdvng g Oecoahovinig #al oTo OUvoLS
g amotehel Textovine Pribiopa. To Popetoavatohxd Tjpa e hexdvis Tov AvBepolvic avijel om| yewTe-
wrovizn Covn g IMeprpodommic (Evomreg Aomoen Bpton — Xootdmg) pe dievuvon BA-NA, evid 1o Notio-
dutind Tjpe avijrel om yewtextovirny] Zavn AEot (Evomnra Matoviag).

Ot yewhoy ol oxnpamiopol Tov Tapameotvial oty eEETalGUeV TEQLOYN DLUHQIVOVTAL OTOVS TO-TOLTO-
YEVELG OYNUIATIONONE TOU XATEXOVY TaL TOAVT] %att TO VIOPaQOo TG AERAVIS KO TOVS LETA-TOITOYEVEIS OYMUATL-
opovg (Neoyeveig v Tetaproyeveic amoléoeig) mov vatahapPavouy peyahn EXtaon rot #ahiatouy ®uplng 1o
eV TG ®aw TOUE TEETOdES T!V Pouvay mov meptfdikovy ) Aexndvn (Iamoyempydxng, L., Kovpavrdang,
I, 1978).

To mpo-tprtoyeveg vadfabpo g Aendvng amotehelTon (Tl PETONODPOUEVE Raul TUoLYEV metpopata. Ta
HETAROQPOUEVE TETRWHATA Ratahaufdvouy To peyahitepo T tov utofdBpov xat amotehotvial ard quk-
Afreg nau yvevolovg mov rotd DEoelg Tapovotdlovy EVOTRUIOELS HOORAQMV Rl ROUOTUAMKOY aoBectdMbmy.

To muoryevi] retodipate Tov viofdbpov eivan 6Ewva (Coaviteg) #a Paowmd — vrepfaoxd (Favpot, [eot-
dotitec #waw Aovviteg). Ta GEva TETPOUATA CUVOVTOVTOL 0T VOTLK TAEVOA TG AerAVNE, EVO) To Baotid 1ot
unepPaond om fopeia Thevpd g Aerdwng.

To (Oijpata wov mhjpwoay ) exdvi) tov AvBepotvia ouviotavrar and anoBéoeic tov Neoyevolc, Tou
[Thewotéxavon %o tov OGxavou.

Ou oynuomopoi tov Neoyevoug yapaxrmpiCoviar and dvo @doels anoféoemv. Ol gdoeilc autég efval 1
(PAON TV REOKAAWY HE GPUOUS %o 1) (PAOT TWV paydv ®au apyihov. H modm gdon ouvavrdrar wuplng ota
#pdoneda mg hexdvng (Ayia Mapaoxrev, Zovpwt, Ayog Avidiviog), eve 1 devtepn amotehel v mhevoun
perdpaon mg moonyoupevig @aomg ko evromiCetan omv NA mhevpd g exdvng (Néo Pioio, Toikogo) xat
ot B zow BA mhevpd ota fabitepa onpeia v 3ooadodv.

O Teraproyevels arobéoeig xaralapfdvovy oyeddv Gho 1o medve Tjua me hexdvng ®au ev pépeL Tig
nepLoyeg mov Poloxovral onig mapuges Twv Pouvay. Ov amoBéoelg autég arotelotvial and epubponmmhoii,
dppovg, ®eordheg rat hatinec.

O amoBéoeig Tov OAGxavou eviomilovial xuplng OTa HOQPOAOYIXA YauNAGTEQH TjpaTa g Aendvng. H
mpoéhevon Twv anobécewy auTiv elval XEQoOn KAl TO TAXOS TOVE, TUUQUVE JE OTOL(EIN YEWTONOEWY, dEV
vepPaivel Ta TEVIjVTO PETOO.

H hexdvn tov AvBepoivra ratéom aveEdpmm arnd v evpitepn hexdvn tig Oeooahovinne watd ™ didp-
RELQL TOTURWY TEXTOVIRGY ENELOOSIWY OV EAafav ywoa oto Téhog Tov Neoyevors xat otig apyég Tov Tetapto-
YEVOUS ®aul Efav mg amoTéheopa ™) dpioveyia onypdrmy pe dievbuvon ANA — ABA. To veapd me nhwiog twv
OUYHEXQIUEV@Y ONYRATWY VITOONAGVETOL ROl aIT6 Tig avafAioels DEQUOUETAAMAGY TINY(Y OV TapaTnEOTVTAL
ot dudgopeg BEoELS voTd wirog Tovg (Ayia IMapaoxevr, Zovpwmi).

3. YAPOT'EQAOTIKEEL - YAPOAIOGOAOI'TKEE LYNOHKEX

AnS v aELlohdynon tov yeatenurdv tpogik o teploodtepes and 100 yewtonoeig xow meldpetoa moo-
HUTTEL OTL OTOVS TOOAVAPEQOUEVOUS YEMAOYIROUS OYNUATLIORONS EVIOTILOVTIaL T0E1S dragopetirol vdgogdpot
opilovieg o1 onmoior akinrotgogodototvrar. O vdpopdool opitovies elfvar o eErg:

Popedriog vOpoYSpog opitovras.

O goedriog vdEoPEEOL OPILOVTHS AVATTUOCETHL LECW OTLS OhoRUVIXES anoBEoels wo ouvioTaron ams dp-
HOUC RO HQORGAES HECQ OTIC OMOIES TUPATNEOVVTOL EXTETAUEVES apYIAMKES evotpwoels. H tpogodooio tov
PEEGTLOV VOROPSEOV 0PILOVTML TOUYUATOTOLEITAL HECW TS XUTE(OBUONS TWV KOTOHONUVIOUATWV %ol TS du-
Bnong Twv vddTwV IOV UITOEEEOVY OTNY 1OITN TOU AVOEROTVTIR %L TOV TOUQATAEVOWY DEUATMV,

Babeis nui-vmo-meon exaliniot vdgogogor opibovres.

Ou nui-vrro-ntieom vépogogol opitovieg avartiooovial ot Pabog amd 50 wg 350 péroa péoa oro ovoTnue
TV oynuatiopey Tov Tetaproyevois xat Twv amobéoewy tov Neoyevors. OL TpoavapepOUeEVoL OYNIATIOROL
napovotdlovy eova yahapuv vOLOYPEPWV UETOLOG EWG HEYEMS TEQATOTNTAS IOV SLardTTOVTaL 0md EVOLG[LE-
OEC VOUTOOTEYEIS EVOTRWIOELS.
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Ot nu-vmo-mrieon vdpoopotl opillovies avartiooovtat ®al péoa ota eEahhownpéve fuotrd - vreofaoird
TUOLYEVT] UL TO JETUUODPWUIEVE TETOWATC TOV VToPdbpou mov Adym g amoodfomang ®oL TOU TEXTOVIOHOU
TOVUS TOQOVOLACOUY ONUOVTLHY] TEQUTOTN T,

O1 vdpogdpot 0plLovies ToogodoTolVTaL Péom TS dujdnong Twv vddTwy Tov gEedtion LdROPGEOL Opito-
VIO RO PECH TV TAEVOIAGY PETaYYIEmY and amopaxouopéveg Luiveg Tpogodoaiag (1. Kovpavraxng, ®.o.
1993).

O ovyrexpLévol OEOEApOL TUEOVALALOVY 1OLTERL TAOTOLY VOQOPODILL, IE TUPOYES TOU KUPAIVOVTOL
am6 80 €wg 140 m'/h, oto Tijpe Toug mov Poioxetan oto #Evpo Tg kerdvng (exatépmbev tov AvBepoivia) xal
otic mepLoyéc e Ayiag [Mapaoxewmic ®ar e Zovpwmig. ZTg TEPLOKES AUTES OL VOPOPGEOL AVAITTIOCOVTLL
#uplwe péoa oug Teraproyeveis amoBEoeig evd ExTEVOVTAL ®uL OTA paouapa Tov vrofdboou.

Muxon éwe péroue vdpogopic Tapovotdleta otig TEPLOXES TS Apepwdvirng Fewpyic Zyohc, Bopela
e @€pung, NA xaw NA tov Towadiov xaw g Néag Paideoton. g mooavageQopeves TeEQLOyES oL vdoogogoL
avamrriooovrar péoa otig £puBPEg apyihoug Tov Neoyevols mou TEQIXAEIOVY QOO AdQOUEQWY VALV,

O1 urpdtepeg VOPOQoEIES Tapovoldiovial péoa ota eEahholwpéva faotnd war VTEYPUOIXA TETEWHOTH
®on Toug oyLotéhiboug Tov vrofabpov. EEaipeon amotehotv 0pLOpREVES Gtd TIC VOQOYEMTOHOELS TTOV LAY VY
om Aaxxid #aw oty ey fopsia Twv Baothxdy, Grrov AGym mg Evioviig dideonEng Twv OyNIaTIONGY TOU
vroPdBoov (Ogetdhibot xat Tadipol) Taovotdatray Tagoxes ms TdEng twv 80 m¥/h.

TUppve HE avagopEs, ToMES and T yewtproeis, fdBoug 100 m, OV XATOUOHEVAOTRAY TOW (O )
dexaetic Tov 80 mapovaialav agreciaviopd. To xabeatds autd, drwg TapovoLdleTal xal oTovg MEeLONETOL-
®OUC YAOTEC TWV ENCUEVOV TQUYRdpwY, XL TAEov avatparel petafdilovrag Tov VAQOPOOOUS OE NUL-VTTO-
mieom ®ou divovidg Toug T duvardmre va puravBolv amté To VTodEECTERNS TOLOTNTAS VEQA TOU (QOEATIO
VHPOPEPOV KLl TWV UPTECLUVEY VITG-T(ECN VOPOPGOWVY HE TOUS OOIOVG YELTOVETOLY,

AQTEOLOVOS VTS TETT VOPOYPOPOC.

Noéma tov dEova Tayapddeg - Zovpwmi wow NOTLo Tov #0aomedinot orjypatog 6mov eviomiCovral 1o 6Eva
yhoprovaTolovyo veod, yewtonoeig péoa ota Neoyevij thijparta zot tov aofeotéhbo mapovoldlovy apreotavi-
oué. Modrerat yio aveEdomro vépoPSEo ovoTua Grov o otdbjes Tov ot meldpeTon ehéyyou Tapovadiouy
otaBepdTnTe 1ot HEES Ewe aonpavtes petaforés oe emjora faon.

4. YAPOXHMIKA XAPAKTHPIEZTIKA TQN YIIOT'EIQN YAPO®OPQN OPIZONTQN

Ta vadyeia vepd Tg Aerdvng Tov AvBepotvia diaxpivoval oe diio opddeg pe PAom To yNULopS Tovg.

H mpwm opddo mepthauPdvel to vtdyewa vepd mov Poioxoviar vétia tov odiold dEova N. Pvooiov —
Touvpwtric ®ow votio Tov Koaomedxoy priyuarog. Ta vepd g meployis avnig eivar wdiaitepa vrofaubuopéva
#a Taovotdtovy avEnuévn teptextrdmta o8 Na, Ca, CI (150-3000 mg/lit), HCO,, Fe, B, »afidg emiong xou
avEnpévn neprexntrotra oe agora CO, ko H,S. Xapanmoiouxd Tov vEpUV autdv £ivaL T0 EVIOVO RGHHIVO
YOO TOVG ®al 1) SVOGEETTY) OO OV T0008idEL TO VOPGBEL. H arywypdmrd Toug maipver Tpé amd 2200 —
12000 pS/cm wat to pH amé 5,8 - 7,2,

A6 TV TaEWGUN O TOV VEQMY TS TEQLOYIS cuTiig RE To Torywvizd ddyouppa tov PIPER (1944) mpogxv-
Pe 61 pe PAom o aviévro Tou TEQLE oLV yapaxtmoeitovial wg Xhnplotyo eva He BAoN To RATLOVIQ {UQUATY-
pfCovrar wg Natprovya 1 Kahovya.

Smv idia opddo vepmv evrdooetan ot 1 Ty Booxiva (Eovownic), n sy Ayiaoua (Ayiag Mapaoxkevic)
®aboc eniong raw n ] peTarhinol vepol (Zovpwrrg).

ENUOVTILES OPOLGTNTES JLE TO ¥NILORGS TV VEQDY g opddag avnig magovotdlovy xat Ta Begud vepd twv
Aovtpiv T @fppng. Ta vepd TV AouTRwY TEQLEOVY WXEOTEQES TOOOTNTES LWOvTmV Ca nar Mg v naw m
neQLERTIHGTTA TOVS O agoo CO, eivar erdyiom. H petmpévn TeQUErTIROTITA TOUE OE LOVIQL EYEL OOV UMOTELE-
OO VO TAEOVOLATOUY Kol rEOTERES TIRES aywyipdmrac (420 - 1100 ps/cm).

H devtepn opddo tephapfavel To VTGYELH VEQD TTOU BOITHOVTUL TNV LIGAOLITY EXTAON TOU AUTUAUBAVEL
1 nedidda Tou AvOepovvra. Ta vdyeia vepd g opddag avtrg Tapovoldlovy aELGAOYES DUXVPGVOELS OV
TeQLERTIROTTC TV Stahupévy ahdtov avdhoya pe T O€on Toug péoa ot hexdvy.

To véyewe vepd ou foioxovial oTo BORELO TIjIA TG AERGVNS XOL O CUYKEXQUUEVH BOQELT TOU o0drot
GEova Ofpunc — Baothndv TaQouotdiony pixor TEQLERTIROTITA OLAUREVWY CAGTWY ROl ELOOTEQU LOVTWOV
Na xat Cl. H ayoypémtd tovg rupaiverar and 420 — 570 pS/cm xou 1o pH toug and 7,5 - 8. H yaunhi tovg
TEPLEXTIXGTTO. O lahvpéve dhate OpEIAETOL OTO YEYOVOS OTL 1) ®urhogopio Toug yivetal ®uolwg pEoa o€
TUOLYEVY] TETOWUATCL.

Ta vepd Tov VIGYELOL UDEOPGO0V 0pILoVIH TOV BOIOXETOL OTO REVIQUS T ™S Aerdvne tapovotdiovy
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TOA Q€S OLPOPES a6 Tat VEQ TOU BOREWOV TRIjpaTOS Tg Aendvng. H aymypdmta tmv veouv autdv nupaui-
vetar a6 440 — 770 ps/em eva) 1o pH tovg and 7.8 - 8,1. Mizod moofijpata mapovotdlovial oty Teploy
popeut Twv Tayapddwy wu mg Ayiag Mapaoxevis 6mov AGym g TAEVEIANS PETAYYIONS TWV VIGYEWWY VOG-
TV TS TOWTNG OPadug Taputeotivial avEHoels oTig TIHES T¢ TEQLERTIRGTITAC TV 1I6vwy Cl, Na, Fe ot B.
Magdpowe mpofihjpata ahhd o urEGTEEN £xT00N TUEOVOIALOVTOL OV TEELOYT YUpw U Ta Aovtod ™mg
Ofounc.

Ta vadyeia vepd Tov PORELOV %at TOV XEVTOWLOU TUjRATOS TS TEdAdaC Tou AvBepotvia yapaxmoitovral
pe Paon 1o ddypappa tooudmrag tov G.WATERLOT, o¢ vepd xaic mowdmtac.

Z70 RaTHTEQO TIjHa TS TEdLAda Tou AvBepotvia xon e1dSTeQn oY TEELOY] Avtird %o Notodutiud
me Ofoung, Ta TEREVTAlL OGVLC TUOATNOETIL 0TS YEWTOHOELS OUVEXTS ciEnom Twy Wovimy xhwoiov. H aywyi-
HOTTC TV VTOYELMY VOGTWV OF OQLOMEVES YEWTONOELS TTOV EIVUL RUTUOXEVAOPEVES ROVTA 0T Odhaooa Tpo-
oeyyiCer Ta 3500 ps/cm v 0L TLHES TTOV TUQUTNEOVVTAL TTOOS TO ECWTEQIXG TS AEXAVIE HELDHVOVTAL PEXOL Ratt
ot 350 ps/em. Ou ovveyaig avEavopeves TIéS Tg aywywdmag ®aw ov Adyou ClI/SO4 xabug emione xou o
pelotpeveg Tpeg Tov Adyov Ca+Mg/Na+K (Aaprmodrng, 1994, Kahhéoyme 1986), He ™y TOGEYYLON TOV arTiv
OAhd now pe MY T@Eodo Tov ¥edévou, vrodnhdvouy my inagEn petdrov dieioduong Bakaaovol vepou 1o
0700 HIVEITOU TTPOG TO ECWTEQLXO TG hERAVIE.

Ta vepd tov vadyewwy vOEOPEEWV 0PIEGVIMY TG CUYHEROIUEVIS TEQLOYIC XUQUATOIOTNRAY [E T1) xonon
ToU drerypdppatog tootpdmrag Tov G. WATERLOT, wg vepd nanic mordmrag. Evi ard my TaEvounon Tovg
je To ToLywVIrG didyoappa tov PIPER (1944) mpoéxuype 6m pe fdom to avidvia mow meotéxouy HOQUKTNOI-
Coviar wg AwoavBoarind eva e don ta rotévia yopaxmeCovial wg AcBeotoryda.

Ta mpoavagepOUEVH CUPTEQAORATA YLt TOV VOROYNIAG XUOUXTIOM TWV VIGYELWY VIGTWY TS TEOLOXNS
g medddag Tov AvBENOTVIO TEOEXVYOY (TG TNV CELOTTOMON YNIKEY AVUAIGEMY TOOTYOUREVMY ETHV TOU
elyav mpayparomomBel and to IFTME (T, Toayavog #.o., 1985) za (A. Mararovotavtivou #.o., 1996) xaddc
ETiOMC %t A YNIRES avahUOELS TOV TOMYUOTOTOUBNRAY Y10 TOV TOLOTIRG ELEYXO TOU VEQOU OTO £0YOOTACLO
epprihwong ms Zovowtig. Ol mpoavageospeves ynuinés avahioeis vreopaivouy oe aptBpd tie 50.

5. KAOGEETQE INIEZOMETPIAZ TQN YIIOTEIQN YAPO®OPQN

Hpoxrewpgvou va degevvnlel 1 petafolr me metopetoiag Twv vdpoPdpwy oplldviwy TowypaTOTO Y-
rav PeTENoeLs otdbung oe peydho aglipd OPOLGHOREM RATAVENUEVIV AVEVEQYWMY YEWTOHOEWY et TECOpE-
tewv. Ou petprjoelg avtég Eexivioay amté 1o 1993 waw cvveyiomray péxol xow to 1998,

ATI6 TIG PETONOELS GUTES TPOERMPE WS YEVIXG CUUTEQUONN 6T 1) OTABUY TG00 TOV POEGTION GO0 HOl TWV
NUL-UTO-TEIEOT UEROPEOWY 0OLLOVIMY OUVEXUIC TATTEVHVETAL HaL PAMLOTA PE cvEavEpEVOUS puBjove. Ot péyt-
OTEC MIAOELS 0TABPNG oV €xovy mapamondel ot TelOUETON OV EIVOL EYROTECTIEVE OTOUS NIU-UTO-THEDH
vdpogdpoug opitovreg eivar 1,74 m omyv seproyr} Tov Aypornipotog Tou AJLO. zau 10,46 m oty mepioy] tov
Baahav. Eve, or péyioteg mrdoeig ordfung mov magampotvion oe meldpetoa mou eival EYRUTETTNHEV
aToV PEEATLO VEOPEEO opitovra elvar 0,35 m ota Paguaxaiiza xa 3,94 m oy TeooX] TwV Baothixrmy.

A6 T otyrELom TV S0 LoomEeLOpETOIMY Kooty (oxriua 1 wat 2)gaiveta 6t evd 1 melopetor emi-
PAVELCL TOV NUL-VTTO-TEDT VEEOPOEMY TasTEVHBN1E ROTd T Srapxewt TOV Ypoviroy druomiparog Mdiog 1993 -
Mcuog 1998, n meCopetoru empdvein Tov aoTE0LVOU VOPOPGROV TOV POIOHETML TTO VETLO TRt ™ hendwng
TEEPELVE OYEOGY apeTdfinm). To yeyovis autd €yel ooy ouvémewa vo evvoeital 1 vadye Thevotxy dujbnon
TV RORIS TOWOTNTOS VEQWY TOU GQTECLUVOT VOQOPOOOY TS TO KEVIOIXES Tijpa ™ hexdwne. H dpdon tou
Qauvop£vor avtol emifefardvetan amd Ty vTofadpon TS TOLGTNTUS TOV VEQOU TWV YEWTEHOEMY Tou "SuvdE-
opov “Ydpevang 10 Kowonijtov AvBepotvia” mov foloroviar evids tov ayooxmipatog T Ayiae [aoaoxev-
ng.

ZTOUG TIPOUVAUPEQGHEVOUS LOOTLECORETOLROTE %GOTES 1) TEQLOYT) 0TV omolat 1) TeCopeToI] empaveLa eivat
#dTw an6 1o enimedo mg Bakacoag €xel oyedoTED e 0%OVOGTERN UTGYEWON TOU YXOL. AT T1) GUYXOLON TmV
TEQLOYWV CWTEIV QaiveTal 6Tt evd 1o Mdwo tov 1993 1) womelopetouna] xapmily pe vpépetoo 0 m Sioyetal
OyedOV 0€ Lo TS TO PIjROG HATW GG TOV TEUALAHG dOGUO Oecoahovixng — Myyavidvag, 1o Mdwo tov 1998
idiat woomeLopeTou] kopmiky €xeL TEQAUEL TOW A6 TOV OLIOUS TwV DUOPCERUIRMY mepPahhoviac moiha-
nhdowa éxtaon. H mooavageodpevn omoBoywonon mg womelopetoiric »apmiing ouvodeveta nat amé mv
avrioton TEoghaon mg diempdverag Yhurot — ahpvpot vepou. Ta CUPTEQRONATH OV TEORVTTOVY S T
OUYXQLOT) TV LOOTLECOPETOXWY XUQTHY TAVTILOVTAL [LE TCL CUUTEQAOUATOL IOV TQOERVPAV S TV aElomoinon
TOV ROV avelicemy xow xatd ovvéreie emBefardvovy m dieioduon mg 0Ghaoons oTo ECWTEOIRG TS
hexdvng tou AvBgpovvia,
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6. KAOELTQL KATANAAQEIHE YIIOT'EIOY NEPOY

To veOs TOV VIGYELDY VOROYGRMY 0QILAVINY g TEDGDUS TOU AVHEUOVVTEL YONOLLOTOLE (T YLOL TV RaAU-
Y1) oEdEVTIRGV, VOPEVTIRGV Hat Blopmyavizdy avayrov. Fia Tov vrohoyloud g Toodmag Tov VEQOU TTOU
ROTAVURGOVETOL OF ADE L0t AT TIC TOOUVAPEQCUEVES DOUOTIOIOTTES TOOYRATOTOUONXE TOYRUEY TWV YE-
WTOHOEWY RS ET(ONS RO XATAYOUPY] TWV EMPEQOVS YONOEWY YNG OF OYEON UE TG GCAUTHOELS TOVUG OF VEO.
Stic en0UEVES TUOUYOAPOVS TUEOVOLALOVTAL TCt (UTOTEAECATE TG CTOYOUPS %At OL TOOOTTES TOU vepou
7OV YoeLGLovTon Yo TV rAhuyn Twv avayrov me ®dbe plag dpaomoidmra.

Apdevtinn Katavdimon

TLe TOV UTOAOYLOPG TS GOOEVTIHIE ROTAVARWONS CITOYRAPN#aY CAES OL YEWTONOELS TV OUAAOYIRWDY SuTu-
WV AdevoNE ®uBHS ET(ONG Rett GRES 0L LBLWTIRES YEWTONOELS IOV AEOEVAY EXTAOELS PEYUMTTEQES TWY 20 otpep-
pdrwv. H aroyoagr 1ov ouvéhou Tov yewtooemy aveEaonijtmg g £4taoms mou opdetiouy xatéot adivato
va mpayparoromBel evids Tov yoovirdy oplwy Mg perétng hoym tov vrepPohind peyahov aptbpol tovs. Zu-
vohxd amoyodgnray 149 apdevtinég yemtoioels. Ot yewtoroeis avtég apdevouv 16.311 otpéuparta, dnhadi
10 61,3% ¢ ouvohuiic cpdeuduevng éxtaomg N onoia clpguva pe atoleion mg Aevbluvong Tewpyiag (1994)
vrohoyCetal oe 26.595 orpéppara.

A6 TV ELOTOINOY TV GTOTEAETUATOV TS ATOYQUPIS TOV YEWTONUEMY KAL TWV OTOWEWY TS Awetibov-
one Tewoyiag yue v zatavopr Tov xakhepyerdy to 1994, extyuifinue n ROTOVOUT] TV ROMMEQYELDY ROl #OTG
GUVETELE %CL 1) ®eTavdhmon apdevtixol vepou 1) omolo Y o €1og 1998 avépyetal o 18.668.000 m’/étoc.

AECerL va avagepBel 6T oTic exTdoels mou apdevovial fLe TV X010N WTHGY YEOTOHOEWY TOOaTQE iTan
vrépPaon Mg varavdhmong o mooootd mepinov 15%. To otoyelo avtd ouvertynjbnze yia tov UTOAOYLONO
™S ouvolig ®atavaiwong oe apdevTind VEQEO.

Ydpevunr) Katavdhwon

O v hettovpyio VOEEVTIHES YEWTEIOELS TTOV UGy OLY otV Tedidda Tov AvBepovvra etvan 22. Ot yewterj-
OELC QUTEC VOPEVOUY TOUS OLKLOROUS OV VIGQYOLY 010 YO TG Aexdvng ®abuwg elong %atL TOUS OKLOPOUS
nov eEummoetel o "Etvdeopog “Ydpevong 10 Kowonjrwv AvBepotvia”. Eniong omv weooyr pehémng vmdo-
gouv xat S0 and Tig VéPEVTIKES YEWTONoELS TOU Arjuov [Tuhaiag.

OL TPOUVAPEQCIEVES VOOEVTIRES YEWTONOELS ROMITTTOUY TG ctvéryneg o€ vEEG 35.000 xatolnwy. Oewpuiviag
61 1 ratavdhoon vepoy avd dropo eivar epimov 230 Itmpépa mpoxtnTel 6t 1 ol Ratavahwon o VEQO
Y1 ™y ®%EAYn Tav avayxdy Bdpevomg eiva 3.078.000 m'/érog.

Brounyavixy - Broreyvizny Katavaioon

Sy aeplon] ™ neduddug Tov AvOepotvra edpevouy ouvohud 426 Propmyoavireg — BLOTEXVIKES povaoec.
OL povadec avtéc omy mhetoymeica Toug dev eivan vdRofdpES, MMradn, elte YONOUOTOLOVY TOAD JHQES TOOG6-
TITES VEQOU YLoL TV REAVYN TOV CVayROY TG QY YNS EITE YONOLHOTOLOTY TO VEQG PGV Yo TV Rdhnpn Twv
avayxdv arovg ywoous vytewviic. EEalpeom amotehoty Toelg neydhes fropmyavingg povadeg (€va fagpeio a2
ENPLOATIOLL) TTOU XATAVAAGDVOUV OVVOMXA T0 62% TG TOOGTITAS TOU VEQOU OV XENOLILOTOLEITCL 0TS doa-
OTELGTNTES TOU DEVTEQOYEVT] TOUEC.

EXTUVTOS TIC TOOGTTES TOU VEQOU OV CITCLTOUVTOL Yt THY RAAUM TV avayrov oe #ABe Propnyavirn —
Brotexvinr povada xow hapfdvoveag véyn kot Tov CUVOMHG apLBps Twv epyaCopgvwv Tov amaoyoholv, vTo-
royiomxe d1 omy medidda tov AvBepotvia xatavohavovral 1.864.000 m*/£10¢ YLaL TIS AT OELG TOU dEUTE-
poyevT] Topéa oMY wYNS.

A6 e TOOUVAPEQOUEVH TOOXUTTEL GTL 1) CUVOAAY ETHOLEL XOTAVEAMOT VITOYELOV VEQOU YLl TNV HAhp
Shwv TV SRUomELOTHTWY TOV AapPavouy ¥ EVIGS TwV 0QimV TG nediddag Tov AvBepotvia ivan 23.610.000
m'/étoc.

AE(eL va avageoBel 61 olpgova pe Ta arorehéopare mg perémg tov L Manayewpydxm & 1. Kovpavidm
(1978) 1 ®oTotvhoon VIEGYELOU VEQOU 0TO GTvOAo TS Aexdvng Tou AvBepoivia To €rog 1977 rray 16.800.000 m?/
£roc. A6 TV TOGKELON OUYHOLOT TwV S0 TROAVAPEQSHEVOY (QLBILGV TEOXURTEL GTL T E7OOL TeEhEvTOLO YOOVLL
1 ®aTavahmon VIGYELOL YeQoy omy mepLox e reduddag Tov AvBepoivia to eAdyIoTo SThaoLdomE.

7. LYMIIEPALMATA - IIPOTAZEIZ

Suvoyitoviac Gha 600 avapEEBKaY 0TI TOOTYOUREVES TQUYQAYOUS TOOXUITEL TO CUTEQUONA GTL 1)
nedidda Tov AvBepoivia, wg mepuaotik Livn mg dkng g Oscoahovinng, TapovoLdlel OUVEYHS VEAVOpE-
voug puBpoUS avARTUENS OL OTTOIOL IE T1) OELOG TOUG CUVETAYOVTOL THY aiEN O 0TV ROTAVERWOT) TOV VITGYELOU
vegou. H #atavdlwon tov vdyewov vepoy, mov £1og 1998 égraoe ta 23.610.000 m’, éxe1L oav amotéheopa TV
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TOE VWO TS OTAOPNS TOV VIGYELWY UBPOPORMY 0OILGVTILY 08 GAn TV EXTaON TS Aexdvng. H tameivoon g
otdbumg Tav vdeoYGEWY 0OILEVTMY odnyel oV vTOPBoom TS TOLTTAC TWY VTGYELLY vepwv. H dieioduom
T OdAao0g 1o 1) LETAYYION VTGYELDV VEQWMY ROTHTEQONS TOLGTTOS OTOUS XUPLOVE VOOOPGOOVE E TEQLOYNS
#aBlotd oW ahhd raw avnovynTua] ™y eEEMEN ™S RaTAOTAONS TWY VAGYELWY VOCOPGOMY 0OILEVTOY
aro uékhov. H vroBifaon me motdmrag tov vasyeimy VEQMY ®at 1) Helwon tov diaBéopmv roconjtwy eival
olyovpo 6n B avriotpéel v eEehxting mopeia Tov cuvdkou g TEQLOYIS.

[ my aroguyn Ty Teoavagepduevmy duodoeotmy eEeAMEE WV TOTEiVOVTUL T e GAOVB petpa: 1) Evn-
pEQwOoN Ty IMoATdy yuoe ™y VQLOTAUEYN HATEOTUCT XUl YLK TOUS TOGTOUE AVTLETOmIONS TS, 2) Evomoinon
#OL ETEATOON TWV 0EOEUTIREY dintlinv, 3) AvadidpBowom Twv wahMEQYELHV At £QAOUOYY oUyypovVILY TPOTTMV
Gpdevomg, 4) MAjEng at CUVEXIS XUTAYEAET TOV GUVGAOU TwV ONPEWY VOQOAPIHS %at TwV YOOEWY YNg OF
oy€on pe My raravdhoo) vepot, 5) Kataoxevij éoymv texvitol epmhovtiopoy, 6) Xonowomoinon rolotirnad
vroPaBLopEVOU VEQOU Yo TV »ahum avayrav, 7) Ydpoyewhoyurr pekétn oto ovvoko me hexdvng Tov AvBe-
HOVVTCL €701 WOTE Ve VTOAOYLOTEL TO VOROAOYIXG LOOLTYLO %o 8) OPLOPGS %Ot EQUOPOYI] TEQLOOLOTLAGY Covev
TOOTTAOLC.

Tpoteivetal v oplototv o Ldveg mpootaoiag mov mapovotdlovial oto oxjpa 3. Ot Coveg autég eivor ot
ec:

Zavn Andéhvmg TMpootaaiag (Zaown A)

Zmv Lavn avni vrdpyer dpecog xivouvos asd ) dieioduom tov Bakaoovou vegou. Mpoteiveral 0 arayd-
PEVON RaTaoREVS ®dbe VEag yedTonome.

Zawveg Yymhiis IMpootaoiag (Zavn Bl wow Zawvn B2)

H Covn Bl amotehel 10 povadind guotxs godypa avriotaong ot dieioduon tov Bakacovos vepot, eva ]
Cdvn B2, sov exteiveran 400 m exarépmBev Tov AvOEOUVIQ TOTAUOU, UTOTEAEL T onuavtioteEn Lovn eogo-
dooiag Twv vOROYPGPWY pE Empavelxs veES. Eng Liveg autés 1dn vrdoyovy modhéc Babiés val vdpofdpeg
YEWTENOEIS TTOV TEIVOUY VL (VATOEPOUY TO TQOUVAPEQOIEVO RUOEOTHC. X Zdwvn o emtpénetal 1) dudvolEn
améhute EREYLOpEVOV €oymv vdoolmpiag péTolmy dSuvatomjtwy mov Ba zakirtovy ETUTOUHTIAES AVOAYHES.

Zaywn HNpootaoiag T

H Ciwn T mepipdhier ng eynataotdoeis twv Aovtpdy mg Ofpung ue axtiva 1000 m. Tm Loy «uTn arayo-
peveTan vabe véa avopuln maupaywyris yewtoioswe.

Zovn TMpootaoiag A

H Covn mpoataoiag A meoifdhier Tov aoTeotave vdpogGpo o eVIOMTETAL 0T0 VETIO T e mediddag
Tov AvBepotvia kot o ommoiog de duabEtel molotirs atlomoujoua amoBépaTa vepo.

210 VTGhOLTO TG TS AERAGVIG ETITOETETAL 1) ELEYYOUEVH XUTACKEWY] £0Y WY vdpolnlag HEToLmv £mg %o
LEY@OV duvatoniTmy.

Fua vae elven duvan 1 egaopoyj GAav Twv TOOUVaQEQSHEVHN HETOWY #OIVETHL OROTUT 1] OVOTAOT) POENR
duyeiolons. O gopéag avtég Ba emTeéyer ™V »oMITEQN 0OYAVHON Het TOV 0pUOTEQO TROYOUUUUTIONS TLY
EVEQYELDY 7OV arpooty Ta epiBakhoviokoyird O€pata mg Aexdwng Tov AvBepotva, cupepthaufoavopévon
HULTOV BEpdTmy Tov agopotv T vIGyEeLe Bdata.
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I'EQI'PA®IKH KATANOMH THE AIIOTEAEEMATIKOTHTAXL
THE BPOXHX XTON EAAAAIKO XQPO®

ILO. NALTOE'

IYNOWH

Zmyv magovoa epyaoia peletdral n anotekeopatxdmta mg fooyis (P/E), dnwg avni opietar and tov
Thornthwaite, oty EAbGda. H arotereopatindmra mg Peoyis, X165 amé To vOGTIVA XUTUAONUVICHOTA,
eEaotdtat xaw ad my eEdTuion, 1 onoia eivan ouvdotnon g Beppoxpaciog xa mg vypaais Tov afpa, g
ATROOQPULOIUTS TIEOMNG, TOU aVEROV, KA.

To whpatné apyeio mov yonowomonidnxe a@ood péosg unviaies e BeoporpUoias aépa *at
Pooydmtmong me mepLddou 1963-1992, yia éva Sixtvo 38 petewpohoyurdv otabpdy me Edvinic Metempohoyiric
Ymneeoiag. Agol vrohoyiomxe n mapdpetpog (P/E), yia #ale €va otabud, om ouvéyeia oyedidomue pe v
foribera mg pedsdov Kriging 1 ywouw ratavowi me oty EAMGda e yivetar oviyxrplon pe mpoyevéoteon
HOTAVO L],

ABSTRACT

The annual precipitation and its distribution in time does not determine, by itself, the arid or wet character
of a climate. It has to be examined whether or not the amount of precipitation response to the needs of water of
an area because of the evapotranspiration.

In the present study, the effectiveness of precipitation (P/E), as it has been defined by Thornthwaite, is
examined in Greece. Thornthwaite classified the climates of North America and in the process all over the world
according to the effectiveness of precipitation, defined as P/E = e115(P/T-10)10/9, where P is the monthly
precipitation in inches, and T is the monthly temperature in °F. Therefore, five types of climates have been
determined, based on the mentioned formula: wet (3 128), humid (64-127), subhumid (32-63), semiarid(16-31)
and arid (< 16).

The climatic data, which were used for the evaluation of P/E, were mean monthly temperature and mean
monthly precipitation of the period 1963-1992 for 38 meteorological stations of the National Meteorological
Service. Applying Kriging method, the spatial distribution of P/E in Greece is plotted. Generally speaking the
major area of Greece is of subhumid climate. Exception to that rule is the Western Greece including the islands
of Ionian Sea and the central mountain areas of Peloponnesus, which appear to be of humid climate. The
Cyclades islands, the North-East Peloponnesus, the Attica, the South Evia island, the Skyros island and the
North-East Thessalia with the East coasts of Halkidiki have semiarid climatic character.

This classification in comparison with a previous one, carried out by Karapiperis in 1962, indicates that the
boundaries between humid and subhumid regime have been moved westernly and the semiarid type of climate is
appeared in a greater area of the central Aegean sea, getting to the North coasts of Crete.

AEEEIZ KAEIAIA: anoteheopatzémra fooyric, Eatpioodianvor, uébodog Kriging
KEY WORDS: effectiveness of precipitation, evapotranspiration, Kriging method

1. EIZATQI'H

To emjoro tpog Ppoxic rou n xozavour Tov oo xedvo dev xabopilel omd pdvo tou Tov ENed 1j uyed yapaxnioa
£vOg xhiparog. Tpgmet va diepevvnBel edv %ot #otd TG00 OL BOOYOTTWOELS VIEQTEQOTV 1] VOTEQOTY TV UYLy RV
o€ vepo pag meploxts eEautiag g eEdtpiong xar mg danvors. To dfpoiopa twv dio auTdy QUoLKdY
Sradreaodiv elvar yvoots og eEaTpoodiamvor] zat epéooy UREQTEQEL TwV BROYOTTHOEMY, TO AL PLOS TEOLOYHTC
xepormeITeton wg ENed, evd omy aviiBet) mepimtmon yapaxrmeiletal wg vyed. ZTV TeQimTmo 1opgoming
v fpoyontdoewy pe mv eEotpoodiamvor o xapoxmioas tov ¥Alparog Bewpeitar nuivyeoc (Thornthwaite et
al, 1951).

* SPATIAL DISTRIBUTION OF THE EFFECTIVENESS OF RAIN IN GREECE
L. Tewhoywxo Twipa Mav/piov Afnvay, Havemompiovroin Zoyedgov, 157 84 Abiva.
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Enopévmc ot Sidgogot epevvTES avalimony avalutxés oxoelg pe PetaPATes my fpoydatwon rat my
eEaTUO0dLATYON, Y1t Vet ®B0QI00UV TOV VYQOUETELXS Yaupuumion TOU HA(UATOS g TEQLOYIG.

MModitog o Linsser (1869)swaijyaye tov 6po P/E, émov P 1o tyoc g Pooyrs xat E 1 e&druon. Emewd duog
PETONOELS EEATIIONG TOOYPATOTOLOUVTAL OE Afyoug otabuovs, o vmoloyiopdg tov hayov P/E rjtav duoyeos.
Me dedopévo 6t eEdTom elvan ouvapmon ®uping g Beppoxoeoiag, TOAOL EQEVVITES UVTLXATEOTIOY TNV
eEamuon pe my Oeopoxpaoia tov afpa(T). "Etor o deinmg tov Linsser avuraraotdfnue and tov deixm P/
T.éov P 1o enjoto tog ooy (em) »ar T v péon emjora Bepporpaoia (°C). Mapakhoyes Tou detwm P/T
glval o deivmg mov SpLoe 0 De Martonne (1926): 1=P/(T+10) zafug zaw o deixtg Tov Koppen (1884): I=P/aT
+ C, 6mov o xau C eivor otabepes.

O Thornthwaite (1931, 1933), oty TaEvéumon tov Zhpdtoy mg Bopeiov Apeounc wol petd orozhiipor
e g boroe mv amoteheopamizdmra mg fooyic e fdon tov axdrovbo tino: P/E = e115(P/T-10)10/9, 6o
P 1 Pooydmtmon tov #dfe wijva o ayyhnots dantikovg xar T 1 Begponpaoia tov afoa o fabpovg Fahren-
heit.

Me Bdon mv mapamdve oxéon o Thornthwaite duarpivel TEvte THTOUS HAMPATWOV:

A. Alav Yypd > 128
(Wet)
B. Yypd 64 - 127
(Humid)
Tr. Huluypo 32 - 63
(Subhumid)
A, HuiEnpo 16 - 31
(Semiarid)
E. 2npd < 16
(Arid)

2. AEAOMENA KAI ANAAYZH

T pehém) avni emyeloeiton pion xhipomxn drafpeon me EMkGdog pe fdon mv amoteleopamromre me
Booyic, 6mrwg avij opiomxe axd tov Thornthwaite, T Tov %076 @16 Yonoomouibnxay xhpomixnd otoryeia
Booyiic #au Beopoxouaios. o ovyxexoéva yonoomonidnzay oL péoeg uviaies TRES Beppoxrpaoiog xo
Booyémmaong me mepédov 1963-1992 (toraroviaetio) yia €va dixtvo 38 petempohoyindv otabuwy te Efvirnc
Metempohoyiwig Ymoeoiog (Ewdva 1).

Srov Mivaxa 1, mov axohovdel, avayQaQovial 0L YEOYOUPIAES CUVIETAYHEVES Yia %dle Eva amd Tov 38
otafpovc, N aroteleopanrdmra ™S Peoyic drwg auty vrohoyiomxe yia Ty weplodo 1963-1992.n
amoteheopanxdTTe MS fooyic vroroylopgvn and tov Kapamstéon (1962) yia oplopévous otadpotc wot yio
npoyevEoTEDN TEOI0d0 (1930-1960), 1) adrhion TwV TRV g amoteAeopomxdmTas ™S Booyis HETUED TwV
S0 eQI6dmY (e oxond va diepevvnBel 1) mOav] ToOTOTOMOT TOU VYPOUETELXOU yupaxrTioa g EALGdog pe
10 TEQUONK TOV YOEVOU), ®abig exiong 1) uéon eTijowa fooydrtwon #al Heppoxpacia.

Me pdon g vrohoyioBeioeg T mg maoapétpov (P/E) oxedidomue e my forideie me pedédov Kriging
(Olea, 1974) 1 ywouwsi xoatavowi mg otov Eihadixd ywoo (Ewdva 2). Eivar gpavepd 6n oy Ehkdada dev
eppaviteral Enpd whine, pe fdom tov dexm e anoteheopanndmrag ™e fooys, yeyovos mov foloxeta oe
oupguvic pe T avriotowye artoteréopata tov Kagomaéon (1962). To oivoko twv vijowv tov Kuxhddwy, n BA
Tehonévvnoog, wvpimg 1 Teolnvia, 1 Attixi. n véua Edfow, 1 Zutpog xau ple #Aewoni meQoyj mov
septhapfdver v BA Oeooahia xa

Tic avaTohxES artég e Xahuduic eppaviCovy nuiEneo rhpamizd yaoaxnjon. Zuyreivovrag my whamrr
avnj amotipnon e v avriotoyn Tov Kegamuréon mapamootpe pie uxer dtokiobnon and tov nuivyoo
HAPOTHG YooaxTioa otoy NuiEneo, dedopévor du omy goyaoia Tov o Kapamméong (1962) amodider tov
FOQUHTNOLORS NUIENEO povo ouig vevipireg xat voteg Kuxhadeg, oty Toolnvia ®ar oto véTo TUjpe ™S
Aturic.

H Avtie] EMGSa pati pe tavnod tou Toviov Iehdyoug, pe eEaipeon ta dutind rapdha mg Mehomovvijoov,
®a 1) xevrpuai opewvn IMehomdvimoog avijzet otov vy06 xhipomxd Tiro. Alav vyeo xhipa mbavéy va cuvavdra
OTOVC REVIQUXOUS 0PEWVOUS Gyroug T TTivdou xar g [Tedomovynioov, Thnv Gpwg autd dev RATEOTY duvardy va
avigvevtei, dedopévor 6t o orabpol Tov yonowoomBévrog dixtiov foav wg el 1o TAE(OTOV TEdVOL HOL
PETOU VPORETEOV. O umorhElOpGs PETEMQOROYIXMY aTaBumy vnhol vipopéroou Eyive dLdtL Oev Elyav
ROTOYOaPEL TUOUTNOHOELS otV VA6 pekétn Tolaroviaetion 1963-1992. To vadhouro Tuipe e xHES

yaparmoCetal ¥hpatird ng nuivypo.
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Ewx. 1. Aixrvo Metewpoloyixav Erabudv.
Fig. 1. Meteorological Stations’ Net.

Apvnuirég amoxhioelg otig rpég e anoteheopanixdmrag ms fooxis petall Twy dvo meotddwy
TUQATNOVVTOL OTO OUVOAO YEVIXA TS EALGdOG, no Eival TETOLES (DOTE OF OHETES MEQUTTWOELS VCr ONUELGVETCLL
#ow ahhayn] ToU #ApoTizon Yapurmelopon twv Siagpdomy meglodv. Cevind n Siaymoioti] yoauur petaEs
UypoU %ot nuivyeov xabeotwtog €xEL voxmEoEL SuTiHdTEQ.

27 auT6 OUYNYOREL %Ol 1) TUEUTNQOUUEVY UEIWON TS ATOTEAECUOTIRGTTAS TS POOYIS HE TO YEWYOUPIHG
wijxog, omwg autd tapovatdletar omy Ewdva 3. Yadoyer otamonxd onpaviu ovayénion (r = -0.69) ot eninedo
EUTLOTOOUVNS 95%. AUTO ONUGiVEL OTL TO YEWYQQMIXG WROS CUVELOQEQEL 0TV HeETaAPAnTdTnTa TNg
anoteheopanirémrag ms fooyrs wutd 48%. Tmv Ewdva 3, mapovodletar exiong n eE(0wan Tov youpuuixon
HOVTEAOV, TTOV TEQLYOU@ED TV TpoavagepBeion ehdttmon.

H eEdpmon g amoteheopatindtnrog Te Peoxic and To yewyoaquxd mhdrtoc eival 1) OTUTLOTLRG OPUOVTLHY
og eninedo epmoroaivng 95%, 6rwg avtd gaivetal oty Ewdva 4.
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Hivaxag I.
leoypaqgixd zat OspuovypousToird yapaxtnoiotixd twv otaluay Tov dixrvov
(Geographical and Thermo-hygrometric characteristics of the stations’ net)

_ _ : | ¢ .
25, 187,00 5 | ¢ g E
e . lg w |EWa8 §-;'ﬂm§E§§E g28 g g
g 55 %88 |EmBE|HcHBE|l-EX° E2 % |E
g i SBE |2EE |SBEEEREfflRcg. | AEE 85
2 £ ja5 §5§ B gazzgggg SeE |83
EdocpElEgel | BEE OF G
TR E 5 &
o m < E g g E
o AILTEPOZKOIIEIO 37..97 | 23.72 | 23:.51 26.22 -2.71 358.06 18.15
2. | OINAAEAGEIA 38.05 | 23.67 | 29.23 418.44 | 17.47
3. | EAMENIKO 37.90 [ 23.73 | 24.96 375.50 | 18.08
4. ATPINIO 38.62 | 21.38 | 70.88 919.49 16.68
B ANEEANAPOYIIOAH 40.85 | 25.95 | 44.00 539.46 14.06
6. | APTORTOAT 38.18 | 20.48 | 63.61 | 74.02 | -10.41 | 888.12 | 17.92
7. APTA 39.17 | 21.00 | 88.47 84.23 4.24 1119.29 | 17.02
8 HPAKAEIO 35.33 | 25.18 | 32.77 33.75 -0.98 490.02 18.27
9. MIKPA 40.52 | 22.97 | 31.54 32.29 -0.75 445.29 14.80
10. OHPA 36.42 | 25.43 | 24.16 25.80 -1.64 345.79 1762
11. IEPAINIETPA 35.00 | 25.75 | 33.63 496.65 19.08
125 TQANNINA 39.70 | 20.80 | 96.96 | 103.89 -6.93 1057.65 | 13.47
1.3 KABANA 40.93 | 24.42 | 45.15 33,19 11.96 546.52 1335
14. KANAMATA 37.07 | 22.10 | 58.91 58.56 0.35 778.94 16.70
L5, KEPKYPA 39.62 | 19.92 | 80.13 83.89 =376 1047.80 | 16.70
16. KOZANH 40.35 | 21.80 | 41.73 51.51 -9.78 517.14 12,22
T KOPINGQOL 37.93 | 22.95 | 28.00 420.22 17.89
18. | KYOHPA 36.13 | 23.00 | 38.20 | 44.95 | -6.75 | 529.90 [ 17.62
19 ANAPIZA 39.63 | 22.42 | 30.47 37.00 -6.53 424,34 14.94
20. AHMNOZ 39.88 | 25.07 | 36.18 41.11 -4.93 475.76 15.44
21. | MEGQNH 36.83 | 21.72 | 48.50 681.29 | 17.57
22. | MAAOE 36.72 | 24.45 | 28.43 407.82 | 17.54
23. | MYTIABNH 39.07 | 26.58 | 45.66 | 51.44 | -5.78 | 601.74 [ 17.26
24, NAEOZ 37.10 | 25.38 | 24.97 25.63 -0.66 371.50 17.66
25. OPEEZTIAAA 41.52 | 26.52 | 46.39 39.95 6.44 578.18 13.84
26. [TATPA 38.25 ] 21.73 | 47.91 50.75 -2.84 670.27 17.54
27. POACE 36.37 | 28.12 | 49.50 680.65 18.76
28. LEPPEZ 41.08 | 23.57 | 35.97 41.32 =5.35 482.73 14.59
29. | SATETA 35.20 | 26.10 | 32.32 486.77 | 18.57
30. ZKYPOZ 38.90 | 24.55 | 30.88 43.46 -12.58 436.76 16.78
31. TPIKANA 39.55 | 21.77 | 57.52 60.10 -2.58 717.04 15.85
32 TPINOAH 37.52 | 22.40 | 72.38 78.25 -5.87 801.35 13:.30
33. OAQPINA 40.78 | 21.43 | 62.82 77.89 -15.07 670.28 11.48
34. XANTA 35.50 | 24.03 | 43.28 51.70 -8.42 612.46 18.32
35. | _AATAPTOZ 38.38 | 23.12 | 45.69 588.24 | 15.92
36. | _APAZOX 38.13 | 21.42 | 59.30 657.83 | 12.13
37. | KQ 36.80 | 27.10 | 50.81 677.52 | 17.88
38. NYPTOE 37.67 | 21.30 | 62.41 61.11 1.30 830.25 17.08
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Eux. 2. KAparuaj Ta§wvounon s EAAddoes pe Pdon v amoredeouarinoyra s fooyric »ard Thornthwaite.
Fig. 2. Climatological Classification of Greece according to the effectiveness of precipitation by Thornthwaite.

y=165,542-5,067"x
r=-0.69

110

19 21 23 25 27 29
TewypapLxd Mikog

Ewe. 3. Merafoisf tng amoredeouatixotnrag s Pooyic ue to yewypaqixd pijxos.
Fig. 3. Variation of the effectiveness of precipitation to longitude.
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Eux. 4. Merafolij tijs amoredeouatixotnras s fooyijs ue 1o yewypapind widros.
Fig. 4. Variation of the effectiveness of precipitation to latitude.

3. LYMIIEPAZMATA

e O1Kuxhadec, n BA ITehomdvvnoog, wuping n Toowlnvia, ) Attiwi, 1 véuo Edfoua, 1) Zxipog rot pit xherom
sepLoyr mov mepthapfdver Ty BA @cooohia nol g avatohxés axntég me Xahuduis epgavicovy nuiEneo
HAPATIRG YUOURTIOC,

o H Avtin] EMGde pali pe ta vyoud touv loviov IMehdyoug, pe eEaipeomn to dvnnd napdia g [ehomovviioov,
%o 1) #eviown opewvn Tlehomévvnoog avijrel oTov vypo ®AUATIRG Timo.

To vadholmo TP TS (WS FepurTEICEToL ®Apomrd wg Nuivypo.
Cevind 1 Sraxopioninn yooumj HeTall LYooy xou NUIvYoV XaBeoT®Tog £xel VTOYWOHOEL duTHdTEQL, ®al
£xEL peYaAMOEL Yword 10 NUENEo rabeotwg Tov xevipwmot Avyaiov, gldvoviag wg my Konm.

o Toyewypa@xd wikog ennEedlel ™V aoteAeopomxdTTa TS Booys ®otd 48%, £V TO YEWYQUPILO TAGTOS
ouvdepia enidoaon aoxel o' o).
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YAPOTEQAOTIKEEL KAI FTEQXHMIKEEX EPEYNEZ ETO NOMO AXAIAL"
K. NIKAL', I. ATTEAIKAKHE', A. BEPTOY' KAI E. BALIAEIAAHE'

ZYNOWH

Sy mapoioo. £0Yaoio avaqéooviat T amoteAéopata Ydpoyewroyinig, #ow Meaynunic €pguvag mou
SteErixon ané to LI.M.E. omv meplop] tov N. Ayaioag. ALguiotdvetar zat’ aoyiv i guotry pdhuvon tov
edaupaiv xau vepdv Fe'? wat Mn ™ Adym dieomopds twv otorgeliny outdy arnd 1o pnrowd tétpmpa, dniadi amnd
toug padlokapites ™me Lovng Qhovor-TTivoou.

AvBpwroyeveic tapepfaosig, omy xapnh ted war tapabohdooio Covi odymoay Ty TEQLOYI 08 ®aTd
t6moug oLoTix voPddion Twy LYY VEE@Y. Ol Tapepfdoels avagépoval Auping ot aveEeheyatn Oud-
OECN NIV MTACUATOVY, GUTOPUORARMY, Orlaxmy %at fropnavirdy aropfhijtoy aAhd ral o8 vIEQAVTM-
oeic 1dlwg omv mapdxtia Lovi. Méoa and mv eqappoyr g pebodoroyiog DRASTIC oxaypagoivial omy
TEOLOYN EVOIOONTES KOl TOWTES TEQLOYES, (1S TTOOS TOV TUOAYOVTCL VTOPAOULONS TV VGYELWY VEQUV.

ABSTRACT

The ground water pollution in Achaia prefecture lower plain and coastal areas can be attributed depending
on its sources to three different causes. Firstly, there is a naturally induced, geologically mainly controlled pol-
lution through the process of weathering, and dispersion of trace minerals of the core deposits of Radiolarites of
the isopic zone of Olonos- Pindos, the main indicators being Fe**, Mn*?, detected in soils and ground waters.
Secondly, there is a man induced pollution mainly through the uncontrolled application of chemical fertilizers,
pesticides e.t.c., main indicator being the NO, ions. Thirdly, there is a man induced sea water intrusion in coastal
areas through overpumping, the CI" ions serving as indicator . Using methodology of DRASTIC, areas sensitive
and vulnerable to ground water pollution can further be delineated. The project was carried out by L.G.M.E.
within the European Union 2nd framework supporting programs. 600 streambed samples and 1.389 soil sam-
ples (taken from 3 soil horizons, 0-30 ¢m, 30-60 cm and 60-150 cm) were collected during 1996-1997 period as
well as 240 ground water samples collected during 1997-1998 high water level season. All the samples were
analyzed in the geochemical and hydrochemical labs of IGME.

AEEEIL KAEIAIA: N. Ayaiog, £ddqn, v8oogdpog, néhvvon vrdyetov vepou, lewypagund Zvonipara ITin-
pogopudy (T.Z.I1.), tputémra.
KEY WORDS: Achaia Prefecture, soils, aquifer, groundwater pollution, Geographical Information Systems
(G.LS.). vulnerability

EIZATQI'H

St haiowe poyodppatog B KITE diekijyn and tov Topéa Ydpoyewhoyiag tov ITME, vdgoyewhoyinii
€oevva oto Nopd Ayaiag, n omola TeQLeAdpfave eXTOS TV GAAWY EQYAOLIV HaL EVE VTOTOGYQUMILCL YEWYTAL-
wijg épevvag mov extehéotnre and ™y Awevbuvon Cewynueias. Ta axoteréopato TOV EQYUOLAY QUTHV TUEOV-
owdtovrar oty magotioa egyaoia oy emElQeital 1 ovvdeor Tovg pe tov megifakhoviokoynd mapdyovia,
PECO EVOC TOOYDGUIOTOS OXLOYQAQNONGS EVAiTONTOV RoL TOWTAY, WG TEOS TV OLOTLXY Vofdduom, Tepto-
FEV.

Tewhoyird, 10 ahund Trvyopévo vdpadpo me mepoyic cmmoteholy Toelg woomxes, Caveg , mg Qhovov-
Tivéou 010 avaTohxd rol %eviowd Tijua, mg Tafedpov- Towmdhews, 0To XEVIOULG xot SUTLXS Tjpa ®al TG
Toviou, oe §va uxpnc éxtaomg, fopetodutnd Tujpa. Textovixd .1 Qhovoi- Mivdov eivar emwOnpuévn omy la-
Boopov-Toméhemg pe hemoerdr dudratn xau devBuvon petdnov enwbioewg BA- NA, n o Fafodpov ~Tourd-
Aewg eivan eniong emwbnuévn e g loviov. Tn 0£106 #helveL TO TAELO-TETHQTOYEVES EMUGAVIMO TTOU EPPOVI-
Ceton wuping ota Popera xal fopetodvtird medwvd (Tsoflias, 1969).

* HYDROGEOLOGICAL AND GEOCHEMICAL SURVEY IN ACHAIA PREFECTURE AREA
1. LT.M.E., Meooyeiwv 70, 115 27 Abijva
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YAPOTEQAOI'IKEL LYNOHKEEL

O avtoteheic vOQohoyIEg Aexdveg (1/3 mepimou mg €xtaomg mepuhapfdveton ot W) autoteheic hendveg -
hexdveg oU SLOYETEVOLY TG VEQH TOUS OF GROPOUE VOROUS), 0L UBQOYEMAOYIKES evimTee, o MBooTpmpaTo-
You@Lol oYMUaTLopol Tov Toug anotehovy, 1 avitta aédoong Toug ®al dhhe vdpoyemhoyird. otoLeic
gaivovral otov xdem) tov Zy. 1. Tevind tovg A€oV amodotinots vdQOPEROVS WTOTEAOTY OL RUQOTIXOL TYNuK-

Topol

YAPOTEQAOTIKOD X.M’THI} TO‘Y NOMOY AXATAL

EATMAKN 1:%

P s ug it Pt

war asireteie
— mm— wai Mmm.rﬂ'r A, J—lll Al ;-n.ht.h‘_- I m:- et P [
— ko C NG Cavng GhoveuT]ssou &

¢ wmervieni e
nélatel xan Sokouineg et i

| ED REEen g tévn .
P e g 207 AP 1107 Rur| EAGTT k8

Zyniua 1. Yogoyewdoyixds ydotns g mepioxjs éoevvag
Figure 1. Hydrogeological map of the study area

mg Cavng Qhovoti — ITivdou , or wbvor xopnuaToy , Ta yahapd xporahomoyr tou Iheiotoxaivoy xufig #o
0L TACUES 1O TOOOQATES ROITES TV TOMAKDV VdROPEPdTWY. OL 0pilovieg pudlohagLtdiv Tov mapeppdihovia
omv avBpaxixi oepd mg Covng Qhovoi - ITivdov eivan adiaméparol, ovviotoly emimedo fhoews oe vymid
VPOpeToa, 00L100ETONY auTGVOLLe VEQOYEWAOYIXM CUOTIIATE KAl E(VOL 1] YEVEGLOVQYGS cutict ToALaOiOpmY did-
OTAQTMV , HQTS TaEoYNS, TYWY. Téhog 1o mhero-TeTaproyevEs emmdlpp , 0To CUVOLS TOv yapaxrmoeileta
and evahhayes agylhov, Auuov, appotywv apyihoy, evd 0to avitepo Tuiie cuviifog eppavietat puo adoo-
MEQEOTEEN OELRA amd rpoxrahonayn. To 6ho ovompua yapaxmoietar and pxer €wg pétole Suvauxdma.

AIIOTEAEEMATA F'EQXHMIKHL EPEYNAL

Zra mhalowe ™me Egeuvag eEeTaotnuay ToMG yewynuxd otoyela- delntes, péoa ané 600 Seiypora Lnpd-
TV vdgopevpdToY, o 1389 edagav, Ta Tehevtaia ngbévia and 3 edagixotic opitovree (0-30, 30-60 & 60-150
cm.).

O o105 0TdYOg ™S EPEVVUS CUTIS TRV O EVIOTMONGS TEQLOYGIV HE BETIRES YEWYNKES avopahies vyvo-
oroyelwv (xvpiwg Mn-Fe) ot omoleg evdéyetan va €xovv oyéon pe petarhogimavon guotis mpoghevong (em)-
0EaONGS a6 padlokagites). Erov nivaxa 1 wupovadlovial oL ®upldtepol yemynuxol Tapdyoves mov eEetd-
obnrav ®aL oL HUPLGTEQES OTUTLOTIRES TOVS TUOGENETOOL.
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Hivaxag 1. Zratiotizés magduetpot Twv yquixey avalvoeoy ibnudroy zat edagav.
Table 1. Statistical parameters of sediments and soils chemical analysis.

I{fijpate udpopeUddTOV Eddpn
Etoixelo Mém oloraon Méon oUotoaon EAd&yloto MéyLoto  Tun. EAhéyLoto Méyioto  Tum.
(ppm) I'fjLvou phoiol* Edcpiv* AndkALon AnbdrhLon
Fe (%) 1,44,0 0,04 7:55 1,25 0,42 6,2 0,998
Mn 950 850 119 4968 566,41 150 5800 692
Co 25 1-40 1 70 6,42 3 59 7,9
Ni 75 5-500 8 316 33,8 6 530 44,1
Cr 100 5-1000 6 1286 54,83 3 223 23,8
Cu 55 2-100 2 905 46,8 11 366 38,1
Zn 70 10-300 3 1657 20,68 16 730 35,2
Pb 12;5 2-200 2 721 10,07 3 450 17,3

*(LEVINSON, 1974)

Trov ydom) Tov Xy. 2 QUIVETCL 1) ¥0ELKY) ®atavop] Tov poyyaviov (1 xatavopr Tov owdrpov axohovbel
TOEATA{OL OYEOGY CUUTEOLPOOE). ATG TOV YAOTN CUTO QPUIVETOL pict

XAPTHE KATANOMHI MATTANIOY ZTA IZHMATA (30-60 cm)
T'IA TO NOMO AXAIAZ

EATMAKA 1:320000

@ Cikeouoi

o— G OUTET EAGY
AEREWDY

—YHpoypapixe SinTuo

Byt

on Mayyaviow (ppm

i oxnpariopai

Sytjua 2. Xdomng xaravourjc Mn’* ora (5ijuara s mepoyrjs foevvas
Figure 2. Map of Mn’* distribution within sediments for the study area

gvpeia duaomopd Tou petdhhov ota eddgn ™ Ayaiag. H agyuun iy ovoowpevpiévon odfpov-payyavi-
ov amodidetal oTov oynuaTopd Tav padiokapitdy e Ldvng Mivéov- Qhovol, evad yiu Tov oidneo o devte-
pevovoa Iy efval dSuVaTSY Vo aTOTELOTY 0L TOTIHES OLOOWRATHOELS ATOOLHOWUEVOY TYNUATIONGY aofe-
otorifBov nar viepfamrdv retpwpdrtwy g Livng Fafoofou- Tourdhence.

ATIOTEAEEMATA YAPOXHMIKHEL EPEYNAL

o mhalowa ™ vdpoyMurs ogvvag, omy eda Tapovoiuor, eEetdlovial ywpwrd Ta amotehéopata 240
derypdrmv vdyeiov vepol g replodov vymhig otdBung twv etdv 1997-1998, avakvbévia oto ynueio IFTME.
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S0 mivare 2 paivovTal oL ZUQLGTEQOL OROYNIZOL TUOAYOVTES TOV EEETACONHY “al TO V00 RIUAVOTS TOVE.

Iivaxag 2. Z1aTioTI*ES TAQAUETOOL YR avdlvons VTGYEIOV VEQOU.
Table 2.Statistical parameters of the groundwater chemical analysis.

lapauetpog Mécog EMlGY LOTO MéyiLoto EUpocg Tun. ondxALlon
E.C (uS/cm) 753,35 181,00 3590, 00 3409,00 476,47
Cl” (mg/lit) 58,90 3,50 471,56 468,06 88,12
NO;y (mg/lit) 45,57 1,20 372,10 370,90 65,71
Fee"(mg/lit) 0,2144 0,0005 8,3100 8,3095 0,8050
Mt (mg/lit) 0,07 0,0005 1,85 1,85 0,20

Le yevirég ypouppes oL TAELOVOTNTA TOY VEQWY T1)5 vYnhijg »ar pecaiag Lovig rarardooetal oTov vdHpo-
FMuxé tomo Ca/ HCO, (Eyijpa 6) mov negihapfavel yevind vepd pe nahj 10o@odooio xat avavénan xugi-
g ®atd pijxros Tav aévev anootpdyyions. Ltny younii medvij xar mapdxtia Eovn, iog oty BA Ayadia,
evromiCovral yevind meployés pe mootind vrofabpopéva vepd,(vrofdbuion n oxoia oe woldhés mepLTo-
oelg Eemepvd To 0pLo ToopoTNTag), To dE witio vrofdbpiong eivar duvatd va avaybel mepmrépw a) oe
Quowd aitia (my. deoropd tyvootoleioy owijpov , payyaviov andé ta apyind xortdopota podiokagLtdy),
B) aitie avBpomroyevors napépfuons otov mooTirs vdgohoyins xinho (uvpivwg vrepfolinr] yoron yuirdy
MraopdTov ®.A.0) ®VPOTEQOS DEIXTNG TV omolny eival Ta ViToIrd 16vTa,

XAPTHD KATANOMHE MATTANIOY ETO YNOIEIO NEFO
TIA TO NOMO

EAIMAKA 11820000

@ Dumuopoi
—p i GUtaT EAGY
Ar ~

ety Bigroo
ayyovion (mgllit)

05

1.5 - 3
Ed npaxtird oteyavol oxnuotioiol

Zyijua 3. Xdorns xatavourjc Mn®* oto vadyeio vepd yia v mepioyif fpevvag
Figure 3. Map of Mn** distribution in groundwater for the study area

y)aima avBpwroyevols tapépfaons otov TO00TIXG VOPOAOYIHG HUHAO HECW VTEQAVIANOEWVY OTNY OG-
#ra wuplwg Edvn- rapépfaon 1 omolo katakiyel tehrd Sumg o olotxt ,WEom e exaxcroving dielodvong
Bahaoowvoi vepol ota vdpogpdpa TS EVOOYMOUS HE HUPLOTERD delrTn aviyvevang omy mepimtwon avt Ta
¥AWOLOVTA.
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H ywoun zatavop payyaviov ota vrdyet vepd gaivetal atov 1dot) tov Zy.3 (n xozavour tov oidijoou
axohovbel mapamhiole CUPTEQLEPOQ). OL vMAés OUYREVIOWOELS amodidovral 6mme mooavageotnze oe guot-
#@ aitien Moagameeiton peyalitepn Slaomopd amd exeivn TmV EdUEEV %ot IENUATOY, AOY® HEYURITEONS HIVI)-
TUXOTNTOE TV OTOLEINY GUTHV OTO VEQEG, 1] OF EXAERTIAI] CUYREVIOWON TOVS U £ HEQOVS TEQLOYES (ApuEog,
Ayrog Zréqgavog, Baothxo, Kovvivd, Ave Alazonto %.o.) ogeihetol pdihov omig #atd 16movs vdpoduvaures
wa oEedoavaymyinég ouvbixrec.

H ywota ®atavopi tTmv vitouoy ote vidyele vepd (Zynqua 4) amorahOnTel extetapévn empdaouvon omy
B.A. Ayaia wou ®upilog omyv €xtaon v TEmg zowvotijtwy Aovoway, K. Ayaiag, Aaxdretpag, ApdEov, Adna,
Tayirwv xal omv B.A. omyv éxtaon tov téwg xowvotitav Pododdgvng , Tépevng , Ehixng(n rutavoi tov
Beinwv arorovbel Taparhioue CUPTEQLPOO). ZTIE TEQLOYES AUTES VITAOYOUY EVIUTIRES RUAMEQYELES (OTMOO-
@OoC DEVOQU- EACULIIVES, LOVOETE(S RUMMEQYELES), GOV YIVETUL EVTOVN XO1ON YEWOYIROV Mraopdroy. Tnv
povadir dradiraoic PElmoNg TWV VITOIXGY OTO VITGYELO VEQO WOTEAE( 1) avaywyr] Tovg O povoEeidio Tou
alditov ®at aéplo dlwto (amovitomon), 1) omola yia va emtevyOel amoutel TeQIfdhlov ne yaunhés oUyREVTOW-
oeig dhehupévou 0Evyovor. AT TO YEYOVOS (TG TOORUITTEL RO LG AVTIOTOOQY) OYEOT TV CUYHEVIQWOEWY
dobevotc owdnfjpon #at vitotav. H aviiotpogn avn] ox€on Taoamoeital ®at oty Tepoy) £ogvvag, drou
TEQLOYES IE VYMA] ouyreVTRWoELS DioBevorc odjpou dev TauTiovial YEVIXG e TEQLOYKES MYMAMDY CUYREVTON)-
CEMV VITOIHWV KO AVTLOTOOQPWG.

H ywou ®atavop] tov yhootéviwy ota vadyewn vepd (Zyua 3) pag amorohimtel exhextizés di6dovg
deloduong g Bahaooag omy mapdrtia Loviy, #uping péom odwv mpmiic vdoaviirig aymypémrag Avo Té-
toieg dlodot €xovv eviomabel raw rataypagel omv B.A. Ayaia (Kahoypud-Metoyr-Adnmag, Aarndnetpa-
Apvoypt). Aweiodvon g Balaooug mapatnoeitan o oty meploy] Fhaixov, 6mwg €y Sramotmbel xoy ard
dhhovg epevvnTég (Aapmpdung ®.a.), v omy B.A. Aydia 10 QUIVOPEVO THQOVOIGLETAL OF TEQLOOIOUEVY
#hipona (Zayhootuxo, Todnelo), Aoy YEOTEXTOVIXGY ®U0ing ouVONRMY Tov 0d1yolv Ta Tomrd vdpopapa
CLOTHPOTR 08 VPNAGTEQX YEVIRA POOTIC %t SLATNEOTY WS EX TOVTOU TV LOOPQOTia OTNV demupdveLa YAvrov/

{APTHE KATANOMHE NITPIKON ZITO YTIOTEIO NEPO
TIA TO NOMO AXATAD

KRIMARA 35320000

Zyrjua 4. Xdomys xatavourjc NO | o1o vadyeio vegd yia Ty mepioyif foevvag
Figure 4. Map of NO, distribution in groundwater for the study area
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APTHE KATANOMHE XMAQPIONT(N ETO YMOTEIO NEPO
TIA TO MNOMO AMAIAR

KAIMAKA 1:320000

=] Mpakt ixd oteysvel exnueticpsi

Zynjua 5. Xdorns xaravourjc CI oto vmdyeto vepo yia v mweguoyf épevvag
Figure 5. Map of CI' distribution in groundwater for the study area

ahpupot vepou my. otig nepoyés Pabdmvpyov, Eiixune xar Awaxontot. H xatavopr twv otougeiwv oto did-
yoaupa Pipper (Zyiua 6) ovvnyopel wg mpog avto.

AIEPEYNHEIH TPQTOTHTAL YAPO®OPQN

‘Onmg dramotwbnxe and my vdpoynuxi] €0evva, oty TepLoyT] eVIoriCeTal eXTETAPEVN pouvon TV VT6-
yeuwv vepdiv Adyw avBpwmoyeviv dpaomolonitmv, pdhuvon 1 onofo ex@EGtETal ®uplwe amd T vmhéc ov-
YREVIOWOELS VITOWROV(Zyijpa 4), mpoéhevon Twy omoiwy elval #UQINS Ta YEWEY WA Mmdopata ®ol #otd devte-
00 LGyo T comird xon Bropnyovird amdphnta x.o. Katdmy tottov zoibnxe oxdmpn n diepetvron me towtd-
TAC TWV VOQOPERMV TNS TEQLOYIS WG TEOG TLg T YES avtég. Mia atd Tig pebodohoyieg mov éxovv avamruyOel yua
10 0%OM6 at6 efvan 1 peBodoioyiot DRASTIC (Aller et al., 1987). To povtého DRASTIC yonoipomnolel extd
VOOYEMAOYIRES TUOARETOOVS OL 0TtolES £YEL amodeytel GTL emnpedlovy v mbavémta pekuvong evog vdpo-
popov umo emupavelaxeg myég: 1)Babog Tov vdpogdpov opilovia (D), 2)péon enjore tpogodoaic Tov vdgo-
popou (R), 3)minog tov vdoopépou opitovia (A), 4)tinog Tov edagizon opitovia (S), 5) xhion Tov avayiigov
(T). 6)mimog meTpwpaTog Mg axdpeomg Livng (1), 7) vdpaviuai aywyiudmra tov vdégopdpou (C).

Zmv nopotioo epyaoia o mapdyovreg (3) ot (7) exqodlovial e éva rowve TapdyovTa dDuVaUrGTTS TOU
VOPOPAQOY, GG AUTEE TROTOLOPIOTNHE (TG TO HLAYQUUIE TOV OYMUATOS 7, AAhG %O OITO TNV ROTAVO] TC
duvapxemrag Twv vdpowdpwv Gwg paivetal oto ydom tov oyjpatos 1. H oyenxn omovdadmra yevird
#n@be mapdyovro tov DRASTIC xabopileton and éva ovvieheot fuoimntag 0 omoiog TOOXUTTEL CUNPOVE [LE
Toug Aller et al., amd v diebvij epmeipia ota BEpaTa poAvvong VAGYELOV VEQOU %L 0 0molog TaEOVOLATETAL
atov mivoaxa 3.

Hivaxag 3. Zvvrelearés fapvmyrag nagayoviwy uovrélov DRASTIC (Aller et al., 1987).
Table 3. Weighting factors for parameters in DRASTIC model (Aller et al., 1987).

Ap Ap Ay Ag Ay A
BuvieAlegtfc avé mapdyovia 0,5 0,4 0,3 0,2 0,1 0,5
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Zyrjua 6. Aidygauua Piper
Figure 6. Piper diagram
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Zynua 7. Avdypaupara Paluoviunons yia tovs mapdyovres (3) xat (6)
Figure 7. Rating diagrams for DRASTIC factors (3) and (6)

e nabe mapdyovra yia Méyous oyenxis petakl toug ovyxplong arodidovrol tég and 1 éwg 10, H peta-
TOOTM TWV PUOLRHV TLUGY TV Tapapétomy (1), (4), (5) omy zhipaxa avr €ywve pe fdon tov nivaxra 4, eve yio
MV HETATEOM TWV Tapayovimy (3) »at (6) yonawomouibnxe 1 fubpovéunom tov oyfjuatog 7. Téhog yia v
PETATQOM| TOU Tupdyovia (2) yonowpomowtnxe n oyéon:

T mapdyovia (2)= [(Méon enjoia tpogodooic mm)x 0,0839]" + 1

H oyéon avm yonopomoteiton di16tt avayet Tg TES EToLag TO0podoaiag TG TEQLOYNC, OL OTIOIES HUPMI-

vovral antd 50 éwg 950 mm, o andium whipaxa and 1 €wg 10, oy omola avayovon kot oL VTGAoLToL Taodyo-

VTEG.
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HMivaxag 4. Kijpaxa ueratoomjs @uomxdy tiuayv ot Tipgs rapayovrav DRASTIC
Table 4. Conversion scale of natural values to DRASTIC factor values

B&Bog Tipég MepLextixkdInt TLpég Khion TiLpég
vdpopbpou (m napéyovia (1) o edépoug og nop&yovia (4) avayAlpou % nmapdyovio
GpyLho % (5)
0-1 10 0-5 10 0-1 10
1-5 9 5-10 9 1-2 9
5-10 8 10-15 8 2-4 8
10-20 7 15-20 7 4-6 7
20-40 6 20-25 6 6-8 6
40-60 5 25-30 5 8-10 5
60-80 4 30-35 4 10-15 4
80-100 3 35-40 3 1520 3
100-150 2 40-50 2 20-50 2
>150 1 >50 1 >50 1
BAZIKA MPOTOTENH AEAOMENA AEAOMENA MEQrPA®IKHE OPIOGETHEHE
R aniuaN wpcasnrze regimitir s Tonorpstke ;
v " l 1
ANCRETTIE 2N ity oo "“";.:;-g‘,,’,'.‘” J&‘:‘Jﬁ.’h“.ﬁn DI ANATRISCY
v
] l I
——] | X
XAPTHE EYAIZOHIIAL
AEAOMENA ANGPQMOTENOYE MPOEAEYIHE b
XAPTHE TPOTOTHTAE
YAPOGOPOY

Zyjua 8. Ataypaupanixi aneixovion s dradixaoiag yia v dquiovoyia Tov ydoty TowTdTnTAs THS
TEQLOYTjS EpEvVag
Figure 8. Diagram showing the steps for the vulnerability map production for the study area.

O nmpoodioptopds Twv Tipav evaobnoiog Tov vdpogdpor rabopitetal and my eElowon:

Ds =D}, + R, + Adk, + Sk + TA + VA,

EV) YL TOV TROTOLOQLOUG TV TGV TRWTGTITAS O TIRES svanatnoias molhathaoidlovial pe €va ouvteheoni o
omoiog raBopiletan card mv oyetix fubuoldynom wv yoroewmy yng. ‘Okn 1 Slodixaoio yic Ty ROTaoHeU TV LaoTav
evcnobnoiog o tpetdmrag Tov udpopdpmy e Ty pEbodo DRASTIC xou pe my teyvia tou lewyoagurot Zuonijpa-
tog ITknpogopusv (I'.I1.Z), mogovoidleran oto oyipa 8. Iupumpwviag tovg xdotes evanotnoiog (Zyjua 9) xow Tontd-
rag (Zxjpe 10) 08 ouvdIopo pe Tov xaom ratavopns vitpwxav (Zyjua 6) xarahiyoupe o yoroipc ovpepdopoT
o omoie ovvopiovion oto eErigi(w)Ze yevirég YROpES LYmAES ToWTOmTES TOEOUIALOUY 0L ®oHRMdELS VOROPEROL
g medviig Codvng hdym mg avEnpévng evanooBnaiog Toug cdhd xon Ty Evioviv ®edepyntixay Spaomoudmrwy ong
avrioroiyeg meployes. (B)OL rapomxol aoPeordhbor me opewig Lovng mapovodfovy yevird vymiés evawotnoles oy
OIS #ALYMAES TOWTOTTES AGYM) cmtouoiag Eviovav avBpmmoye vy HoaomoIonifiny OTig aviiotoLyes Teoloyeéc. (Y)ETc
TIEDIOOOTEQES TTEQLOYES OOV EXOUHE VYIAES TOWTOTTES £XOUUE CVTIOTOLLC Kotk VYNAES ouyrevipuioels vitouxay (ITe-
owyeg Tepevng, Aovowdy, Zayeinwv)modype mov emPePaudvel my Ot YeVIRES Youpupes opbhi Aertovpyic tou povee-
hou. (8)Znig meproy€g Metoyiov ron ITtéong mapovoudleran o ouvduaopuds vymhi evawonoic-yapnhi Towtémra-vym-
W} QUYHEVTOMOT VITOUAWDY O OTIOI0Z OPETAETAL OTO YEYOVGS GTL 1) UCAUVOY) TS TEQLOYES CUTES TOOEQYETUL AITOHAELTTIXG,
Qo ONPEWHES TYES pGhuvon)s ot omoleg dev Aopfdvovion Gueca v Gymy OTo POVIELD TS Tapotious epyaaiag Siot
Ta dedopéva avBpwmoyevolg TEOELEVONS OE CUTS, TEOEDYOVTOL LTl T SESOPEVK YONOMS YME TOL avTioToLKOL YdoT)
OOV (g YVOTO KUTUTACCOVTUL ¥WOHA HEOES TAOELS.
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XAPTHE EYAIZOHEIAY YAPOSOPON TOY NOMOY AXATIAR

4 oreymvol oxnuotious

Zyripa 9. Xdorne evarobyoiag yra tovs vépopdoovs TS TEpLoxljs £pevvas
Figure 9. Sensitivity map for aquifers of the study area

XAPTHT TPQTOTHTAZ YAPOSOPGN TOY NOMDY ANATAE

EALMAEA 1320000

Xt ki)
Hiur
Tynhs
okt winhh

Mporawd oreyovol oyhparcopal

Zyjua 10. Xdotns TewtdTyTas yia Tovs vdQogogovs TS TEQLOYIS Egevvas
Figure 10. Vulnerability map for aquifers of the study area
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AIEPEYNHXIH THX ITOIOTHTAX TOY YIIOTI'EIOY NEPOY TOY KAPLTIKQY
YAPO®OPOY OPIZONTA NA TPI®YAIAX YE EXEXH ME TIX YAPOT'EQAOTIKEXL
EYNOHKEZL I10Y EIIIKPATOYN XTHN IIEPIOXH’

I. TANAT'OIIOYAOX', N. AAMIIPAKHE'

ZYNOWH

O rapotrdg vdpopdpog opitovrag NA Totguhiag nagovotdlel onpavird mhedvaoia tmwv vHUTrGY Tou
amobepdroy Tov 0@EfAETaL OTOV EVIOVO QUOLXG EWTAOUTIONG TOV OtG TIg dtadinaoies Te roteloduang #ot g
dujbnomg vepou amd myv xoltn twv Totapoyepdeony. ‘Etot ot avEnuéves avimijoeis yia apdetioeig Tmv TEAEy-
talwv O€xa eTWOV paivetal va punv €xovy mpoxahéoel onpovird tpoflijpara vofdduong Tov molotHon ko
rocoTxol Tov yapaxtjon. H avEnpévn alardmra tov xapouxot vepol opeihetar ®uping 08 TQWTOYEVELS
I OVIOROUS VQaAUBoLVoNg, IOV TROXRGAOUV PiEN Tov ®opoTinol pe 1o Buhaoové vepd. Ot avEnuéves Beppo-
#oaoieg mov mupamEndnxay mbavéy ogellovial oe rateloduon petempErod vepol o peydro fdabog, 6o to
VEQO BEQUUIVETUL KUl RUTOTLY AVEQYETAL 0TV EMLPAVELX dlaATOVTHS OToWRaTa avudpiT.

ABSTRACT

This paper deals with the hydrogeological-hydrochemical conditions of the SW Trifilia karstic aquifer. The
geological bedrock of the research area consists from the Eocene limestones and dolomites and the Oligocene
flysch of Gravovou-Tripolitsa zone which are overlying by the Pleiocene and Quaternary recent sediments.

The faulted and folded carbonate sediments comprise an extensive karstic aquifer due to the fissuring and
solution processes. The general flow direction of groundwater is N towards S from the Filiatra area towards the
Mati coastal karstic spring. The mean hydraulic gradient is 1.1%¢ and the mean hydraulic head is more than +10
m.

During last decade, the annual pumping quantities of the aquifer have been dramatically increased because
of the large number of the irrigated wells. In the frames of this research, quantitative analysis of the hydrological
water balance parameters and detailed piezometric measurements were conducted. These data showed that the
karstic aquifer has a positive annual budget due to the high physical recharge from the processes of infiltration
and the surface water inflow. The water levels at the wells, have not been changed during the last ten years, that
we have information, due to this high recharge and prevents the inland seawater intrusion which can cause the
overpumpings from the aquifer.

The hydrochemical conditions of this aquifer were determined with in situ and laboratorial chemical analy-
ses of water samples. These analyses showed increased salinity of the karstic water (mean Cl" concentration is
157 mg/1), which is caused by physical mixing mechanisms of fresh with seawater - mainly at the Mati coastal
karstic spring area (Venturi pipes e.t.c.). Increased salt contents are also present due to the significant amounts
of the surface water inflows from recent marine sediments (Pleiocene). The relative high temperatures of karstic
water (19.7-24.3 °C) are probably caused from upcoming processes of meteoric water. This water infiltrates
through fault zones in great depths where becomes warmer and returns upwards dissolving anydrite beds which
is probably the main reason for the increased sulfide concentrations. The evaporitic influence on karstic water
chemistry, is presented at the SOf‘-Cl' cross-plot.

AEZEEIL KAEIAIA: Kapotirog v800@Gpog, looliyto Undyeumy VEQMV, VITEQUVTIA{OELS, vgpahuboivor, dieioduon
Bahaoowoi vepot, efamopiteg
KEY WORDS: Karstic aquifer, water-balance, overpumpings, salinization, seawater intrusion, evaporates

1. EIZATQI'H
H neproyn €osvvag Poionetar oto NA tpjpa mg emapyios Towpuiiag, N. Meoanviag, ratahappdvoviag

* INVESTIGATION OF THE GROUNDWATER QUALITY OF THE SW TRIFILIA KARSTIC AQUIFER IN RESPECT WITH THE
HYDROGEOLOGICAL CONDITIONS OF THE AREA
1. Tewhoynd Tuipa Mav/piov Morpav, 26500, Pio
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ovvohuai €xtaon 40 Km® xau nepiiapfdver ota doue mg tovg dijpovg @ihtarowy xaw Fapyahidvov.

To #hipe Mg TeQoyc yeoaxrmoitetal ammé A xaw BA/uic dievBuvong avépoug, péon enjowa Beppoxpaoia
16.3 °C evih To péco emjoro tpog fooydrrmon avépyetor oe 784.23 mm (Boyopetourds orabpds Faoyahidvnv).

Mpdrettan Yo pla vabaod ayootx) TEQLoY] ne peyahes ohMépyeleg OEQUOKNTIARMY TEOIGVTMY %L
£LOLOOEVODMY, OV amautolv avEnugves moadmteg apdevTivot vepou. Tnv rehevtaica dexaetin €xovv avopuybel
oV TEQLOYY EXRATOVIADES YEMTONOELS OTOV XUQOTIG LOROQPGEO 0pilovia, ®uplwg yie ™V Gedevon Twv
EACLOSEVORMWY, IOV £xEL ODNYNOEL O ExON®TUA] CiENOT) TV ETOLOV AVTAHOEOV.

O oROMGS TS HEALETNS (UG EIVEL 1) TTEQLYQUGT RO EQUNVELC TWV VOPOYEMAOYIRWY CUVENHIV TOV EMAQUTOUY
oTOV %aEoTIHS VOG0 opiovia g NA TowpuAiag xon 1) dudxoion — pe atdhhnhes vdpoyuxes pedddoug —
TV XVEIOEYWY PNYEVIOPGV OV CUVELCPEQOUY OTNY auENHEVY ChatGTTR TOV #UQOTIZOU VEQOY.

2. MEOOAOAOTTA

O1 epeuVTIRES EQYAOTES OV TEQLOYY TEQLEASOY aoypat] TmV oMuEiwy BOUTOS, HETENOELS TG OTABG
TOU RapoTIOU VHPOEPGEoL avd ToELs TEELGdOVS TV VoYMV ETEV 1998-00 ®au devyparolmpies vepol o
oVVOLaONG HE VACIBOLES ROL EQYUOTYOLURES YNIHES AVUATOELS.

O aotafeic mapdueTool Tov vadyelou vepol — Beppoxpaoic, pH, nhextou aywypdmre, Suvauixo
oEetdoavayaryic, Staheupévo oEuydvo ran CO, - petrifnray el téov ooy iretfoo e 1e1jom EWLRaY QoOTTHY
ovoxevdv mg HACH. Ta SO, * iévia petorifnxay e gaoparogurépetrpo DR/2000 ms HACH eve e wévra CI
pe ) pEBodo tithoddmong me HACH. H avdhvon twv zaudviov Ca**, Mg, K* zaw Na* éywve pe m pébodo
TS UTOAHTIG ATTOEEOPNOTS.

H ereEopyaoia Tov amoTeAEOpGTOV TV XNxdy avalicemy mpaypatomouidnxe pe 1o vdooynund
mpoypaupa CH4S (AAMITPAKHE, N. 1991).

3. YAPOTEQAOI'TKEL LYNOHKEL

To yewhoyrd vdPaboo mg meployris £ogvvag ouviotarto and Toug Humavinovs avBporinois oxnuatopois
wotov Ohryoravind ghioygn mg Govig Fapodpov-Tourdhews, v otoug omoloug emAABOVTL e OTRWUATOYOUPLAY
aovpgovio ta TThewxawvixd 1jpate zow oL Tetagroyeveis alhovfuonés amobéoels (oyiua 1).

OV TABITIAN 2.6 (1993) avagépouy 6t o) dnuovoyia ot eEEMEN TS TEQLOYS TEWTOOXIHG 06ho EmanEay
ot avodikéc wvioelg mov dpyloav oto Tvppivio xar ovveyilovrar péxot onpepa. O %VIOELS QUTES
SrmotdvovTon wrd v apovoica 1wy Tetagtoyevdy avafabpidoy xu me avuxhviaig dopric twv Horavindy
aopeotémbov (KELLETAT et al., 1976).

Kuvpiapyo p6ko ot yEWAOYIRI] HUTUOREVY TG TEQLOYIS TaQOVOLALovy oL «aoPeotdibol Prlatedy».
TMpoxertan v hevxoic €ng TeE@Eovc oTowpuatddels aopeotéBoug xat dokoptinois aofeotdiifoug pe Alyoug
mpurdhboug o pe aidhoyn meglextixdmTa 08 Priovpévia. KUpto TEXTOVING XaQortnoloTiud Tovg £ivat 1)
dudrab Tovg oe dopn avuxhivov, tov onoiov o dEovag Stevbivetar BBA-NNA. Ta otpopate tagovotdiovy
yevir dietiBuvon BBA nouw péon =hion 20" BBA.

O aopeotéhbol autol TeEOVoLELOUY CUENIEVY) RAQOTIHGTNTA ROTA [iHOg TeV peydhlov onypdrov. Ta o
YUQUATNOLOTIAA HUQOTIXA QUUVOHEVT TG TTEQLOYIS Elva To avolyTd omijhae — evaelEelg Tahaloaxnig — mov
dnprovpyrinray e 10 «OREPLO» TWV KURATOV OV TPOTEXPOVUY 0T AOQOOELDG ot datnorjinxay xol petd
™ Pabpiaie avadvon mg TEQLOEC.

O onpavtizéTeRog VdPOEPAEEog 0pltovTug Mg TEQLOYIS E0Euvag prhogeveital ota avlparixd 1Kjpoata g
tavne Fapodpou-Towmdrews. H avEnuévn vdpogopin Tovg elval amotéheopa Tou devTeEpOYEVONS TOQWIdOUS,
mov oefheTal oy SEAY TEXTOVIRGY TACEWV EPEARVONION Rat SIATUNONS TTOL OM{YNOAY OTOV XUTUHEQUATLONG
TWV TETOWUATOV KOL TO OYNUATIONG TOV ATUQUiTNTOV oYV xurkopoiag Tov xapotirot vepou. Ot diepyaoieg
avtég evioyiovral amtd ) Stehvtxy dOdon T %aoTIROT VEQOU OV TEOXaLel T DLEVOUVON TWV XAQOTIREY
wYWmywyv.

To VEOS TWV RAPOTIRGV TETOWUATOV VQIoTaTaL, TNV TEAOwTaic deraeTic, eviaTiny eXpPeTdAhevon U TOUg
HOTOIHOVS Yia apdevTirovg oronols. Eviottolg, 1 expnutin atiEnon tmv avtAjoeny oty meptoy dev gaivetal
va emmofaoe xabdhou T dlaita Tov ®agotirol vdEOPEPOY 0pILovT, 6T TPOEXVPE (TG OTAOUNUETONOELS
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ahhd %o TO 10OLHYLO VTGYELWY VEQUV OV ROTUQTIOTIXE Yid TOV VOPOPERO CUTOY.
Zynjua 1: Newloyixds ydotns xar rousj g mepioyrjc foevvag (LI.M.E, 1980)
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Figure 1: Geological map and cross-section of the research area (I.G.M.E, 1980)

3.1 IIEZOMETPIKEX METPHZEIX

H zoraoxev afiémotmv meCoPETOmmY KoTwv OToV apotind 18popopo opitovia g NA touguiiong
roaypatoToniinre HeTd T dteo@dhion cuvOnroY NEepias Tov VOEOPEPOL HATA T1) OLEOHELL TOV HETOIOEWV
®atl ™ OEvEpyELa yweootabunoy petofjoewy vmis axpifelas ota onpeia pérpnonc. o opjua 2a
TapovoLdletal o meCOpETOGS YAOTNS OV AVTLOTOLY el 0TV EE(000 VYMATg OTABUNS TOL RapoTIoT VOPOPERO
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(Amothog 2000).

Zyjua 2:  (a) Iiebousrounog ydotns xar (B) ydotns yewypapues xaravours tov
YAWEIGVTOY 0TV RAPOTIXG VOPo@dpo opitovra NA Towpuiias (Mdiog 2000)
Figure 2: (a) Piezometic map and (b) map of the geographical distribution of
chlorides at the SW Trifilia karstic aquifer (May 2000)

A6 ) pehém) Tov mapIdvem Gt teorinTouy Ta eENg:

- Hyevuni diedbuvon porjg tou vadyelou #aotixot vepot eival and B mpog N tpog tyv meptoy] g maodntiog
rapotic myris Mdn l'apyaldvwv. Amorhioels mapameotvial oty tepoy BA tov F'apyahidvav, drov
TO VEQO (UiVETOL VoL mVETaL Ot pic dSreiBuvon mepimov A mpog A »ar oty nepoy] BA tov Bowpovepiov
070V 1) POOA ®ivnomg puetatoeémeta o8 NA.

- Tovdoavixd popTio Tov xaupoTLol ViPoPGEOL opltovia mapovaidtel BeTinés TIuEs ae Ghn Tov TV ExTaom,
CAOUN KOL OTIS TAQAXTLES TEQLOYES KOl PELDVETUL OTAdLKE ard TNV TEQLOYT] TwV PLAaTEedY TOOE TV TTELOY]
e Tapdntuag ®apotrs Tyt Mdn Fapyahdvov, pe andhvtes otdBpeg mov Eemepvoiv ta +10 m.

- H péon vdpavhuxr whion avépyetan o 1.1%e now xopaiverar amd 0.17 éwg 3.2%e.

A6 ™ olyxoon dadoyixdv melopeToudV Yopthv atd Eneés xal vypés mepLodovg mportntet Gt 1) péom
eToLa domipavom g otaTilg otdlung Tov ®apotxol vdoogdpov opitovia avépyetat o 1.055 m yia to
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vdEoLoYIHS E10g 1999-00 evid i T0 €10g 1998-99 avijhOe oe 2.645 m,

3.2 IXOZYTIO YIIOTEIQN NEPQN

To woliyo vadyewwy vepdv exgodtetal and m axéon (TODD, D. 1980): Ewpoég = Expoég *+ vrdyeia
amobijrevon. l'a mv megloy] €gevvag n oxfon auni propel va yoagrel wg efiic:

IP+Iw=Q.+Q2+qiernou

IF n xateioduom, I, m dujnon axd vy x0Ty TwV TOTUUOYELUGEO0WY, Q, ovundyeteg expogg, Q, N oy Mg
ROQOTLHIC TINYIS, g OL ETHOLES AVTAOUUEVES TOOGTITES VEQOY %at R 1o pubpionind amobépara.

H apdpetpog e dujnong, péow e xoimg tov xeipdooov Aayroifaodov, uetoribnxe oe nuepnowa faom,
pe yoron pukionov, wg 1 diagopd s amoppors ota onuele £L06doV ®at £EGdou Tov FELUAQOOV OTOVG
aoPeotorbovs Duhiatouv. AT Tig PETEOELS aUTéC exTyuiBn®e %au o ovvtekeonic xateioduong Tov
aofeotdhbuy, mov avégyetar oto 50% g enjorag fooydrtwans. H mapopi me rapotunig myts Mdrn
Tagyahidvov mpoodloglomze pe PETONOELS pUAIOHOV, OL ETHOLES AVTAOUNEVES TOCOTNTES VEQOU (td OTOLYE(CL
mov xoenyitnzav and tov T.O.E.B ®ihiatomv xat amd otowgeio tov idLlormrdy twy YEWTONOEWY EVE TQ
ovbuonird amobepata and 1o dedopéva Tov melopetoirdv petorjoewy. Téhog, ot VIGYELES EXQOEC
TEOOdOEIOTNRAY WG 1) dAPOQE RETAED TWV CUVOMKWMY ELOQOMV KL EXQOMY (TG TV vdpoyewhoyLu hendn.
Zrov ivara 1 mov axohovBel ToQovoLGLETaL TO LOOLUYIO VIGYELWY VEOWDV TOU RUQOTLXOU vdpopGpov opitovra
Yo To vdpohoyird €rog 1999-2000,

MTivaxag 1: IooLvyio vadyeiwv vepdsv Tov xagotixov vdgopdgov opilovra NA Towpuiiac
yia to vdgoloyixd £roc 1999-2000 (m’)

Y3poAoyLKO | E I Ta O 0 Qs 0 R,
EToQ (Km?) (x 109 (x (x (x (% (x
109) 10°%) 10°) 109) 109

1999-2000 40 11.64 4.14 4.83 0.15 10.8 0.84

hydrological year 1999-2000 (m*)

AT6 10 100LUY10 (vt paivetal xabupd 6Tl 0 ouvoM®IS ETOLOE PUOKGS ERTAOVTLONGS TOU VOPOPGEOY
opitovia eival peyalitepog and Tig eToleg avibioels, yeyovig wov eEnyei ™ yeovird otabep] mopeia g
melopeTounns Tov empdvelag (oyua 3). H Slapood 10000V Rl 200MV TOu wooluylov avuotolel omy
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TOOGTTC TOV XOQOTIROU VEQOY 7OV exEEL VToBuhdooia ad Tov vdpoYdpo.

Zyrjua 3: Xpovixaf ebéhikn rov emnédov ordbuns oe xpatixes yeotooets Piliarosy
Figure 3: Temporal evolution of the water levels at the Filiatra public wells

4. YAPOXHMEIA

Ipoxeipgvou va dtepevvnBel o YeOYNURGS LUOURTIOOS TOU HUQOTIROY VEQOT TOOYIATOTOU|BNRaY
EXTETAPEVES DELypatolmpies o€ 4 ovwohind vdpoloyinés mepLddoug Twv eTdv 1999-2000 %o gt avdivon
TV PUOLHOYN OV TOU TUQUUETOMV ETTL TOTOU OTNY UIetfQo ®al TmV aVTIoTOLYMV YIEGY TOV 0TO E0YHOTIOL0
Ydpoyewhoyiag tov Mavemompiov [atpwv.
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Stoy mivaxe 2 mov axohovdel amelov(CETaL 1) OTUTIOTIXY] avAAVON TWY KUELOTEQWY PUOLROYT LAY
TUOUUETOMV TOU %aOUT#OU VEQOU (EAGXLOTY. HEYIOTY R pEom Ty »afog ®a 1 THIHY TOUS UGRALoT).
Iivaxag 2: Sratiotod vdQoynuIxd YapaxToioTixd Tov #agoTixoy vdgogogov 0Qitovra
(Mdrog 2000). T: @cpuoxgacia (“C), Eh: Avvauixd osaidoavaywyrfs (mV),
EC: Hiexrpizij ayoydmra (uS/em). lovrizés ovyxevrpdoets ae mgll
Table 2: Statistical hydrochemical characteristics of the karstic aquifer

(May 2000). T: Temperature ("C), Eh: Redox potential, EC: electrical
T pH Eh DO, | CO, | EC | Mg® | ca® | Na' K' | Cl | S0+
Min | 19.7 | 7.28 ~] 1.02 24 681 |17.4 | 72.1 i i 0.13] 18 0
Max | 24.3|8.15| 276 5.3 135 | 2290 | 51.5| 165 218 [8.03]|338| 124
Aver | 21.8 ] 7.65| 139 | 2.92 | 68.1 ] 1440 | 36.8| 103 | 92.8 | 3.88 | 157 53.9
st.D|1.15|0.23]71.5]1.36[27.7| 427 |8.15[21.7|56.1]1.96 98 | 30.6

conductivity (uS/cm). lonic concentrations in mg/l

T10 oyripc 2P TAQOVOLALETAL 1] YWOLAT] XATAVO TV YAWQLOVIWY OTOV XAQUTLAO VOROPGRO opiCovra, VO
OTO(E(OV TTOV OYETICETAL GUECH PE TIC DIOIXAOIES TS VPUAUUOIVOTC. ARO O OYjIE AUTG QUiveTal OTL ot
OGUYHEVIQWOELS TWY AMELOVIWY CUEAVOVTOL vevizd xatd g dievBivoels Brpog N xaw A gog A, Tov oupmminrovy
wat pe ) Sievbuvon porjg Tov VIdYELoV VEQOU.

Idwaitepo evdlagépov mapovoralovy oL petprjoeis g Bepporpaoiag Tov AOQOTIHOU VEQOU, OL OTOLES
wopaivovar and 19.7 €og 24.3 °C (oyripa 4a). Ot unQOTEQES TIHES ATAVTOVIOL OTO GVATOMRO THjpe TOV
v8POPEEOV. TO OO(O KL YEVIRG YoQurTNELETOL 6 VEQO Ca**-HCO, Timou £ve) 0L PEYUAUTEQES THLES OTO
BSoeto T, dnradi oy evptteon reoroy] PrhatEuv. Ot aVENPEVES AUTES TIRES TS Bepporpaoiag propolv
v azodoboty ot rateioduon peTEwOoT vepol ot peydha Padn pfow onyudrav, émov Beopaivetat,
EUTAOVTICETOU OF OLOTATIXG TOU UTOPAHQOU %Ol HUTGMY AVEQYETOL KOl CVOLYVUETAL PE TO ROQOTIHO VEQO.
Katd my 6vodé Tov duahiiet oroporte avudoim xat epthovtiCetan ot Betixd 1ovia evi napovaic H,S (e
Bowpovepiov) ogeihetar omv avaywyr tov SO,* éviwy, 6rwg ovpfaiver xa ot ahheg meproy€c me duturiic
ehorovwijoou (KALLERGIS, G. & LAMBRAKIS, N. 1992). To otpiparta avudpitn avtd €xouvy duatpnbel oe
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yedrronon fébovg 3754 m mg B.P omy meQuoyr Prhiatoav (KAMIIEPHZ, E. 1987).

Syrjua 4: (a) Tewypaguaf xaravouj 15 Beguoxpaoias xar () Tov Betixav 10vTOY
aTov xapoTixd vigogogo ogitovra NA Towpuviias (Mdiog 2000)
Figure 4: (a) Geographical distributioggf temperature and (b) sulfides at the



SW Trifilia karstic aquifer (May 2000)

Hpoxeugvou va diaywoLoTotv, oL VOROYNIKOL INYAVIOUOL TOV CUVELOGPEQOVY 0TIV VQPUAULTOLVON TOU
RAQOTLXOY VEQOU YONOLUOTONON%aLy Tt SLayQAUIATO LOVTLRMY CUYREVIOWOEWY (cross-plots) Na*-Cl xau S0,
Cl', pia péBodog mov €xet e@appoatel fe emrvyict 08 aVAAOYES TEQITTHOELS UG SLAPOPOVS EQEVVITES
(TELLAM, J. H. & LLOYD, J. W. 1986, FIDELIBUS, M.D. & TULIPANO, L. 1990, SANCHEZ MARTOS, F.
etal., 1999). Zro oyiua Sa mapovodletat to didyoapo Na ' -Cl, a6 10 0710(0 TORUTEL 1) Yoo uKY ouoyETion
TV HU0 AUtV 1I6VImV, Tov dnhdver My ko] mpoéhevon tovs. H mpoghevon toug €xel dpeon oyon pe 1o
Bohaoowve ved, dedopgvou 6t Ta delypata dratdocovian oedSV TapdAMAL pe T yoouu niEnc yhvxo xat
Oahaoowvot vepot (Line 1).

Avtifeta and to oxfua S mpoxrvmtel 6t ta SO f‘ LGV OEV TPOEQYOVTAL GG U aVIOROUS WENS YAUROU R
Bakaoowvol vepol agol Gha ta delypata dardooovial mdve aré my avriotoyn youuuw uiEng (Line 1) . H
dudTaEn Twv Wvtwv ok ®ovid ot yoapur wiEng 2 (Line 2) vrodnhdiver 611 10 #oooTRGS VEQS £xet 0Bl OF
emaqn] pe efamopiTind oTpwpaTa, aé Ta omoic £xeL epmhovTiotel oe Beiind Wvra. H maparionom avnij oe
OUYOUUOUS UE TN YEWYQQQUAT] ROTOVOUY TV WOVIOVY autdy (oxripa 4B, ard ™y omola qaivetol 1 auEnpévy
OUYREVIQWOY] TOUS OE OM) TV €xTaon ToU UB00QE0 0QILOVIU - e Qv TGV 0TV EVETTEQEY TEQLOY]
Bowpovegiou - xow tig auEnpéveg Tipég Depporpaoiag Tov *apomxot VEQOU, deiyvel 6TL 1) vatelodVOT HETEWRIXOT
vepou e peydho Pdbog amoterel okt mbavov fvav and Toug um&mwpoug VPAATOIVONG TOV %UQOTIROU

Na (meq/l) (meq/
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Zyrjpa 5: Araypdupara 1ovrixay ovyxevigdoewy (a) Na*-Ct xa (B) SO F-CT
aTov xagoTixd vigogdigo ogitovra NA Towpuiiag Mdiog 2000). o: xagoTixd veod, +: yeinagpos Aayxovifagdos.
Line 1: I'pawif uikns yAvxzov Balaoovou vegou, Line 2: Toawunj ping yAvxos vegou xat vegov efamopitingy
Enudroy.
Figure 5: Cross-plots (a) Na*-CI" and (b) SO "‘-CI “in the SW Trifilia karstic aquifer (May 2000). o: karstic
water, +: Lagouvardos stream. Line 1: Fresh water - sea water mixing line, Line 2: Mixing line of fresh water
with water of evaporitic sediments

Znpavurd oo eniong omy auEnuévn ahatéTTa ToV XaEoTXoYU VEQOU mailel xal 1 dujbnom peydiwv
TOCOTTWV VEQOU ETNOLING GO TNV XOITN TV TOTAROYEUADOWY TS nsgmxﬁg (4.14 % 10° m’) . To vepd Twv
YEWAQOWV vtV Tapovolalel vymiéc tipée Ca®, Na*t, K*, HCO,, SO »at CI', Adym amémhvong Tmv
[Mherormvinody Bchaooiov inudroy (aofeotopappitec), pe {motelsoua v cm;.tﬁal?\u OTNY AUENOT) TV TGV
TS CAUTOTTUC TOV RAQUTLHOU VEQOV,

H ouppetoyy tov Bahaooivoi vepot otig udeoynnxEs dlodiraoies vpapiovong Tov %apatiot vépogdoou
opitovra dua pmyoviopdv .y, oohijvav Venturi 1 maodpotnv, qaivetat mohd mbavi. H avdpei tov pe to
YhurO veQd dev mporaheltal Spmg amtd T Yvwon] Stediraoio: pelwong 1 avaotpopiis ™S QuotHic VARG
#hiomg Tov vdeodpoL mEog T BAAaCow OV TPOXUAOTY OL EVIOVEC UVIMIOELS OF MUQARTIES TEQLOYES
(EAMITATAKAKHE, I1. & MAKPHZ, A., 1993 ot TAVITIAN, C. & SAMPATAKAKIS, P., 1994). AvtiOeta,
QaiVETOL Vo VIAQYEL pioe guotrt] vdpauAln] emzovevia YAUxoU %ot BuAaoowol vepol, Touhdyiotov doov
agood ™V mapdxrTia vpdhpvon xapotea] iy Mdu Fapyaliavov. To 1o eival mbavév vo ovpBaiver #out oto
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detitepo peydho nETwmo vpokpiovons NA mg Bakrag (BA. oxjua 2P), Smov vdoyer #e 1o Peydho zataréougo
orjyue Tou Aayrotfagdou.

5. LYMIIEPAZMATA

H vdpoyE®mAOYIAY] €01V OTOV %AQOTIXO VOROPORO 0piCovia NA Toupukicg €0eite ta £Eijg:

e  Ymapyel Thedvaope 0To Woliylo EL0POV-EXPOWY OTOV ®aQOTIXG 1dopepo opitoviae NA Toupuhiae.
EEaitiog tov auEnuévor autol @uoixol EPTAOVTIONOY, OL £VIOVES OVIMIOELS TG TEAEVTAIOS SEXUETIOG
(10.8x10° m’ emoime) dev gaivetal va £xovy mpoxahéoel TeQuITépm Tpoflipata mTototxg vrofdduiong
TOU RUQOTLHOU VEQOU.

e [Mapamoinzay cvEnpuéves Bepporpaoies TOV VIGYELOL RoQOoTHOU VEQOU, 1dtaitepa oty epLoy] Prlatowy,
mov amoteholiv €vOeLEn rateloduong PETEWEIXOT VEQOU OF peydho Pabog rat SLAhuong CUOTATIXWY TOV
vropdbpov. Ou oyetind auEnpéves ouyreviowoels Betixov Wévrwv mbavéy va opelhoviar oe dudhvon
efamoprnnev oTpWIAT®Y, TOU VIADYOVY Ot peydho fabog oty mepoyY, Grmc EAvKE QTé TV avdivon
Tov draeypdpparog SO -CI.

e H dieiodvon tov Bukaoaivol vepol atov xapotird vdpogépo opitovra dev mporakelton and avbpomiveg
emepPaoeis (vrepavtAioeLs) ahhd TOWTOYEVHS ATl PUOILOUS UNYAVIOUOTE ETLAOVIVING TOU YAVROU [LE TO
ohpvpo VEQO.

EYXAPIZTIEL

H napotion épgvva yonuatodonitnre and myv Emrpom| Epevvay tov [avemomuiov Hatpov ota mhalow
TOU EDEVVITIXOU TOOYQUUIATOS «ALEQETVION TV VOQOYNIKGY INXUVIORHY VQUAPTOVONE TV TAQGATIOV
VOPOPERWY 0PLEGVTWVS.

BIBAIOTPA®IA

FIDELIBUS, M.D. & TULIPANO, L. 1990. Major and minor ions as natural tracers in mixing phenomena in
coasta carbonates aquifers of the Apulia. Proceedings of the 11" Salt Water Intrusion Meeting, 283-293,

L.T.M.E. 1980. l'ewAoyixoc ydotns e EAlddag 1:50.000, @viio Piliarod.

KALLERGIS, G. & LAMBRAKIS, N. 1992. Contribution a ' étude des sources thermominérales de Kaiafa.
Hydrogéologie, 3, 127-136.

KAMITEPHE, E. 1987. lN'ewioyixij xat HetoeAatodoyixrj nedéry tye BA Hedomovvijoov. Adartopxy duartotfi.
E.M.II, oeh. 143.

KELLETAT, D.. KOWALCZYC, G., SCHRODER, B, & WINTER, K.P. 1976. A synoptic view on the neotectonic
development of the Peloponnesian coastal region. Z. dt. geol. Ges. 127, Hannover, 447-465.

AAMITPAKHE, N. 1991. Exe€epyaoia tav dedouévar avalvoewy tov veowy. Opuxrtde IMThovrog, 74, 53-60.

YAMITATAKAKHE, I1. & MAKPH, A. 1993. ®awvdueva vpatuiowons xat dvvarotyres oplodoyixis
Sayelonons oe magdxtiovs vépogopovs s NA xat s NA Tledomovnjoov. Tlpartuxd 2™ Tlavehinviov
Yodpoyewmhoyiwot Zuvedpiov, 821-841.

SANCHEZ MARTOS, F.,, PULIDO BOSCH, A. & CALAFORRA, 1. 1999. Hydrochemical processes in an arid
region Europe (Almeria, SE Spain). Applied Geochemistry, 14, 735-745.

TAVITIAN, C. & SAMPATAKAKIS, P. 1994. Aspects of groundwater salinization in Filiatra limestones. Bulle-
tin of the Geological Society of Greece, XXX/4, 201-210.

TELLAM, J.H. & LLOYD, J. W. 1986. Problems in the recognition of seawater intrusion by chemical means: an
example of apparent chemical equivalence. Quarterly Journal of Engineering Geology, 19, 389-398.

TODD, D. 1980. Groundwater Hydrology, 535pp. (John Wiley & Sons, 2™ edition.

TABITIAN, K., THNIAKOZ, A. & KAAAEPIHZ, T'. 1993. Swredeorijc dujbinons ortig xoites twv yeidopwy
oe Hoxawvizovg acfearohiBovs e Lavne Townodews oty A. Towgvdia. Tlpaxtnd 2% Ydpoyewhoyinot
Zuvedpiov, 447-460.

- 1892 -



Achrio Tng EAAqvikAg Mewhoyixis Eraipiog, Top. XXXIV/5, 1893-1901, 2001 Bulletin of the Geological Society of Greece, Vol. XXXIV/5, 1893-1901, 2001
Npokmikd Sou AigBvodg Zuvedpiou, ABrva, Zenrépfpiog 2001 Proceedings of the 9th International Congress, Athens, September 2001

IOIOTIKA XAPAKTHPIZTIKA TQN YIIOT'EIQN NEPQN TOY NOTIOY
TMHMATOX THE AEKANHE IITOAEMAIAAL®

L. IANIAAT ', I. KOYMANTAKHE °

ZYNOWH

Zmv rapovon epyaoia eEeTALovTal To TOLOTIHA YUQUATOLOTIXRG TV VIGYELOV VEQHV Twv TETHOTOYEVHV
amobEoEwy OV VTEQREVTAL TG AMyViTLRNS CELQAS TOL VETIOL TInjpatog g Aexdvng Mrokepaidag. Me pdaon ta
QTOTEAECUOTC TV YNILAOY AVaAGOEMY 0T ®UOL OTOLYEIR %Ol OTCL LY VOOTOLLE(C VEQOU, SLATIOTOVETML OTL O
aviTEQOS VOPOYPEPOS 0PILOVTHS EXEL VIOOTEL oMuavTixY VToPdEBIoT ™mE TOIGTNTUS TOV TOL OMEAETAL OTOUC
£Enjg nuplwg hoyoue:

- Tyv vmepfohinn yerjon aloToliymy MaaoudTny 0To *EVIOIRG TG

- Ty duijbinom vymiov puovtrdv QopTiwy Delray 1WVTWY Tov pépatog Zovhot otov vdgogdeo thnoioy Tou
opuyeiov tou N. TTediov

- Ty daordhaEn vymiav puravtirdy gogtiny Twv amoppogTixay BEBpwy ®aut arovmddtomwy ota Teptd-
oL TG AeRAVIC.

H saradnhémra Tov UTGYEUDY VEQWY YLt TIS UDREVTIRES avdy®ec OF TOMES TEQUTTWHOELS Elval emBaonue-
va, €8 artiag ™ vymig ovyxéviomang xuping oe appdvio (NH,) o vitondn (NO,). Awamiotdbnze 6t to 38
% 1wv derypdtwy E40uv VTERBEL TV avaTATY TUYN] XUTAAMAGTTOS Yiot TGN OF [t 1] TEQLOTOTEQES GG TIC
TOPUPETOOVS. AT TNV avaluom Twv Ly vootoyelmy mapamebnze 6t pévo o AMya Selypate oL GUYREVIOWOELS
oe Fe'*, Mn**, Cd**, Al"*, Ba® #au Cr Bolorovra v omd 1o emTEETTd 601 TOOUATI T,

ABSTRACT

The present paper deal with the groundwater quality in the Quaternary sediments overlying the lignite seam
in the south area of Ptolemais basin. After the results of ground water analysis in the major and minor elements
it is estimated that the upper aquifer has undergone significant water quality because of: The excess of nitrog-
enous fertilizer in the central area of Sarigiol - The water drainage of Soulou stream in to aquifer near the south
field lignite mine, which is proved by high concentrations of sulphur ions - The drainage liquid which originated
from septic tanks and landfills in the board area basin.

The groundwater utilization for drinking purpose in many case is not recommended because of the high
concentrations of ammonia (NH,) and nitrate (NO,). Is also found that 38 % of the analysed samples have more
than one parameters that exceed groundwater quality standards. In few samples the minor elements concentra-
tions as Fe**, Mn™*, Cd**, Al'*, Ba®* and Cr are above drinking water standards.

AEZEIZ KAEIAIA:TTtoke paidot, TOLGTNTO VAGYELWY VEQWY, ®UOLA OTOLYEI, LYVOOTOLLEI
KEY WORDS: Ptolemais, ground water quality, major elements, minor elements

1. EIZATI'QT'H

H diepetivion m|g moLdm g Tmv UIGYELOV YEQWV OTO Voo Tpjua g Aexrdvng Mrokepaidag anetéheoe
népog tov epevvimrou mpoypdupatos EAIMEIA™ (TTavikag et. al 2000), mov yonuatodotinxe and myv I'E-
FET (EITET II) now agopd v avdmwEn cvonjuatog dwuyeipioms vdanxdv méowv rat neddduv teyviton
EUTROVTIONOU 08 TEQLOYES VITAiBOIWY MyVITIXGY EXPETOALEVOEQY. UMV JE TV GTOYQUPY VQLOTAUEVMY
VOQOMNTTIHEIV EQYWYV VTIGYELV VEQWYV, Um0 Tig 344 yewTOOELS TTOV amteypdgnoay, ot 282 YONOIHOTOLOTVTUL Yo
TV 2AMPN TV CEDEVTLRMV avaryr@V e enjoia adhmpn 23 *10° m?, 26 yewtproeis avthotv mepi ta 5,4*10°m’
yLoe ™Y amooTtpdyylon Tov Ayvitwovyeiov ™mg A.E.H, 32 yewtofoeig rahimtouy Tig vdREVTIKES avayRES TV
rowomjtamv xal g moing Koldvng xou 4 yewtoroerg yia fropnyovinn vdpoddtnon.

* GROUND WATER QUALITY IN SOUTH FIELD OF PTOLEMAIS BASIN
1. AE.H Alvon Avyvitiraiv Epevvdiv Tepohoyimiv 28a 66100 Apapa
2. Topgag Tewhoyxoy Emomuay E.M.IT 15783 Zoyodgov Athjva
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O vOPOPOEENS TOU AVUTTUOCETAL 0T TETHETOYEVY LEjHaTa TG Aexdviig ZaQuyHioh ®al avTAeital arxd g
vewteoeic avtég foloxetar vd xabeotus viepexpetalievong (Dimitrakopoulos et,al 2000). H ovveyldpevn
Siaypovir Tameivoon g otdbung Tov v8oPGEoY 0PILoVTa ILE TO DIUMOTWHEVO AEVITIXG EARELUUATIXG 10O~
Ciyto, ahhd #ow o avBpmmoyeveis enepfdoels mov yivovar ot edAEN g TEQLOYNS HE TV vtepfoiuxn xovjon
YEQQYRWY MIaOpdTeY ®ot e Ty aveEEheyxty ddbeon ovuaxdv xat fropnyuvindy arophitmy, odnyoly
omV ToLoTiEY VTOPAEOILOT TWV VTGYELMV VEQMV TOU TETUQTOYEVOUS VOQOPOOEN TTOV UmOTEAEL RuL TNV PBaoux
oy vdpokpiag Tov ®owonjtwy ®al g mokng Koldwne.

2. YAPOTEQAOT'IKEL LYNOHKEL

To véto turipa g Aexdvng IMrokepaidag yvwots pe 10 Gvopa Zapiyrioh avijrel OTY TEATOVIAY TAQEO
Movaompiov-Dhdpwvac-TTrokepaidac (MMavkidne, 1985). Arwotehel wiewoni hexdvn mou opoBeteital BopeLn
and 1o aobevéc tertovind £Eappa Tov Kopdvou mou myv ywpiler popgpohoyird ®ot vdookoyirnd amd 1o ®UoLo
jépoc e eowtepic hexdwne Mrokepaidac-Beyopindag. Toic ®ipue vd00@opn CLOTIUATA CVATTIOTOVTCL
OV EVOUTEQT MEQLOYY TOUV VOTIOV Tijpartog g Aexdvng Itokepaidag:

1. To vdpogdpo cloTIE TOU EVATTICOETOL OTOUS JUACQOUS CYPATLOROUS TWV TETUPTOYEVAMV IENUATOY oY
VIEORELVTOL TNE MyVITUI|G OELOAS 1) omoic aotelel To oTeyave dAmedo Tov. Ot emdhinhot vOPOPOPEIS TOU
aymuatiCovron péo o autoic epgoviCoviat eviaior 08 peydhn €xtoon mapd Tig TomuES mapeufolec apyl-
MRV %o 0y AOCQY UMY AT0OgNVOUHEVDY EVOTRWOEWY Rol gaxav. IMelopeTromés Tapamoioeig (Aov-
Aotidnc 1991, Anuntpaxdrovkos et.al 1996) €deiEav ot dev vmdpyeL OXEoN PETUED TV RUQOTLRWY VEQUIV
TV 0PEWHY TEQIBWEIMV TNg AERAVIE %Ot TOU VTGYELOV VEQOU TOU USPOQOQEX TWV TETUQTOYEVHY TG YU
Mic meduvric Cavne. O vdpogopéns autdg amotelel T0 ®UPL0 Ewg ONMUEQU EXUETUALEVOUEVO CUOTUL TOU
Boionetal VS ®ABEOTAHC VIEQEXUETARAEVONG HE TO DITILOTOUEVO 0EVNTLRG EMLELPaTG LooLiyio g Td-
Enc v 7710 * m’® emoiwg.

2. To vdpopdpo clomue IOV aVaTTiCoeTaL Ot ®oxrMON hjpata Tov VITGREWVTUL TWV AyviTay. Adyw Tov
AMPOADOTOV ONYRATOV 0 VOPOPOPENS EXEL TOMIRA HOVO dLEQEVVNDED LE TOELS YEWTONOELS OTTV TEQLOYT] TOV
eEdpparog Tov Kopdvou. Notidtepa fuBietat onpovid xau dev vadoyouvy mhnpogpopies.

3. To Pt mhoioto AeooTIXG VOPOPEEO CUOTNIE TOV AVETTUTOETUL HEDH OTOUS UTOXUQOTWUEVOUS Kt dup-
onypévoug towadixols aofeotdhiboug Tov xomon tov vétiov Beppiov #ar Tov vomov Acxiov, T0 onoio
EXTOVIVETOL 0T TS MmAady apoy@v myés Nepdidag mov €xovv zatarhvobel andé myv teyvnm Alpvn Io-
Jugiitov.

4. Mol 08 €xTaon %ol SUVOIKG ETHOEUGUEVOL XUQOTIXO! VBQOPGROL CVATTUOCOVTUL OTOVS rQOUg Oid-
OTAETOVS GYHOUS TV #ONTdXMV aoPEOTOLIBWY, ONpavTLXOTEQOS TWV OMOIWY EIVIL O EMHOEPANREVOS VDO~
popfac Mavpodevdpiov-TTovioraung otig NA mopugeég mg hexdvng Zaoryrioh.

3. YAPOXHMEIA
1) Aaryparolnyia vepov — Méfodor avdivons

It Tov TPOOOLOPIONE TS TOLGTNTAS TWV VEQWY TOU (VHTEQOV VOPOPEROV 00ICOVTa TOV CVURTITOETAL OTLS
TETOOTOVEVELS amobETELS TG EVEUTEENS TEQLOYNS TOU Zapyridh eMjpbnoay and 45 yewtpfoelg defypota ve-
pot. Ané awtée mpayparomouidnxay 39 avalUoELs Yit TOV TOOTDLOPLONG TWV RUPLOV GUOLKOYN KAV TAQUILE-
TOWY TOVE ®OL 08 26 YEWTONOELS Tpoodlopiomxay 16 ex Twv ®upldtepwy yvootogeimv (lovh.1998). Enava-
Inmrnéc avoiioes (Iovi.1999) éyivay oe 8 yewtprjoeic. Etov ot mg Ewdvac 1 anewoviCovra ta onueio
derypoarohmpiog TV VIGYELMV VERHY TOV aviTEpor vdpopogou opitovra.

Ta deiypara Tov vegol avolitnzay oto Xnueio tov A.H.Z Kapdidg mg A.E.H ot oto Kévipo Aoruuaiv
Epegvvav xa Mpotimwy (K.AE.IT) me A.E.H oty IMakivn Attiaii.

Axohovdionze 1 g dadiraoin avakuong TWY QUOLLOYTULKOY TUOUUETOWY:

- To pH zou 1 ewdunj ayoypdémra mpoodlopiommuray e aywyiuduetoo tizoy TOA CM-405 way meyapetoo
wirov CRISON 2001 avtiotouyc.

- Ta oroyeia AoBéonio (Ca), Mayvijowo (Mg), Kdhio (K) xar Ndtpro (Na) mooodlopiomuray [LE TOV (uopia-
TOYOGQO EXOYWYLROU TAAOPATOS, PETA 0md roTdhinheg eneepyaoies Twv dmbnuaToy Twv Setypdrmy.
Ta 6Ewa avBpaund (HCO,) mpoodlogiomray RETG TOV TEOTOLOQLOUG TS

ulxultxdtqm: {e TThodOTON 0OIOUEVOY GYroV Ty derypdTov pe ddhvpa Bewxot oEfog 0,1 N péyol pH 4,6

- Ta vadhoura oviGVTo TEOGOLODICTNHAY HE TOV LOVILXG ypwuatoyodgo HPLC, rirov DIONEX DX-120

- "Ohat TOL 1VOOTOLKE(C TOOOOLOOIOTNRAY IE TO PUORCTOYRAQPO ETCymYLoU mhdoparog Timov Perkin Elmer
plasma 1000, petd and xardhinhes TooeTOLAOTES TOV 0EWVIOUEVWY, PE VITOIXO 08T, derypdrwy.
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Ewova I: Znueia deryparodmpios rov vadyeiwy vepav rov Notiov tujuarog Aexdvng Mrodeuaidag
Figure 1: Location of the sampling sites of groundwater in South Ptolemais basin

2) Hagovoiaon Tov anoteleoudToy TOV Yuxoy avalvoswy

Me fdom ta anotehéopato Twv ynukdv avakioswv (TMivaxag 1)mgoxiatovy dti

O rpég Tov pH nopaivoviow and 7,1 émg 8,3 mov yopaxmeillovy ta vepd and ovdétepa £wg faord. Me
UEYOTAUTEQES OUYVOTNTES EppaviCovian oL Tiuég 7,5 éwg 8 (Ew.2)

H nhexntoun ayoyipémra ®upaivetar and 345 éwg 1510 pS/cm. Zmnv aheiovémta 1ovg oL TES TOQOVaLd-
Covran yapnhég (Ewdva 2) mov pagrupotv 6Tl Toe udyeLa VEQG avavedvovtal axetind yorjyopa. Ot Tipég
™me nhentpunic aywylpdmTos avEdvouy amd ta avarolxd mpog To duvtind repLBmLe Te hexrdvne

O rpég ovyrévipwong Tav Wovtwy aoPeotiov rupaivovion axd 32,9 éwg 123,6 mg/l rou payvnoiov petakl
2,4 xon 149,4 mg/l (Ewdva 2). Ou puxpdtepeg TS Tov wévrwv tov Ca™* eppoviCovial oto ®evipud turjuo
™G hexdvng pe tdon avgnong mpog and N xaw mpog BA. AviiBeta ov vynhdtepes ovyxevipdoerg Tov Mg™
Botoxovrar emxevipwpéves oto Notiodutixd ujpa e Aexdne.

O npég tov 1éviwv varpiov xupaivovion peteld 2,7 »au 38 mg/l, pe ta mepuoodrepa deiypuarta va €gouvy
OUYREVTOWOELS ®vatw Towv 20 mg/l.

O tpég tov 1iéviwy yhwpiov ®opaivovial ot mepLoootepa delypata oe yaunkd eninedo xdtw v 25 mg/l
(Ewdva 2). EEaipeon amotelel to deiypa pe xwduxd 6 mov mapovordler vymi upr 459 mg/l. Exavalnrn-
1 avdhvom vepot g iduag yedtonong tov ef. tov 1999 €dmoe Cl 558 mg/l. [Tpdxrertan yia Tomxn pimavon
Tov VpPoPGpoV ad mapareipevo Tupoxopeio. H ywouni xatavowi twv iéviwv yhopiov delyvouv pia opa-
Mj atEnon tov Ty and o avatohxd TeoBupLa TOOG TO REVTIOUXS T TG Aexdvng Zaory Lok ®aL LLE TS
nymAGTEQEC TIPES va hapPdver o vdpogpopEag mhnoiov g meQLOYTS Tov oguyeiov tov N. Tediov.
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Ilivaxas 1: Amoreléouara ynuixdv avalvoewy ota zUgia oToLyeia
Table I: Chemical analyses results in the major elements

E.C : = R = = =
Kb . PH | o /em ca’ | Mg™ Na' K HCO; c1 S0, NO; NH," | 5i02 |Fe+++| T.H
1 7,3 | 595 | 78,6 | 28,3 7,9/ 0,8 [323,3| 16,7| 14,8/ 22,5 | 0,5 |16,6| 0,0 | 31,2
2 7,7 543 | 48,6 | 35,3 5,6/ 0,8 |272,1 8,2| 47,7/ 10,5 | 0,0 |21,2| 0,0 | 26,6

*3! 7,6 506 48,6 34,8 3,5 ¢,7 |285,5 6,4| 29,2 12,5 0,0 |21,1| 0,0 26,4
*qt 7.7 515 64,3 27,9 2,9/ 0,3 |306,2 11,7 5,1] 15,0 0,0 8,5 0,0 27,5
S 7.8 499 45,0 30,1) 13,5| 0,7 | 214,7 25,7| 38,7| 5,5 0,8 |15,7| 0,0 23,6
*6 T:7 1510 | 98,6 | 149,4| 33,0 2,6 |336,7 | 459,1| 26,5/ 14,5 | 0,1 (23,2 | 0,0 86,0
0
0
0

*7t 7,8 515 43,6 36,6| 20,0 7 | 250,1 22,7 32,3| 6,0 o,8 (16,3 | 0,0 25,9
*g* 7,8 528 33,6 38,8| 19,5 ,8 | 295,2 11,3 9,9 7,5 0,5 |19,5| 0,0 24,3
gt 7.9 423 32,9 26,6/ 17,0 1 |237,9 16,3 7,6| 13,5 0,6 (15,4 | 0,3 19,1
10 T:7 424 41,4 23,5 5,5 0,7 |213,5 9,6 8,2| 27,0 0,4 (12,2 | 0,0 20,0
*11 7,5 504 33,6 43,1 5,2| 1,3 |251,3 13,8| 18,7 33,5 | 2,0 9,8 0,3 26,1
12 8,0 352 36,4 20,5| 1o0,0( 0,7 |220,8 6,4 6,00 B,0 2,1 |15,0| 0,0 17,5
13 7.7 383 45,0 22,2 3,7 0,5 |194,0 6,3 9,5| 26,0 0,3 |13,7| 0,1 20,4
14 7,6 539 47,9 35,7 5,2| 0,4 |296,7 13,5| 12,6( 12,0 0,0 |17,4| 0,1 26,6
15 T2 5 535 57,1 27,4 6,0/ 0,4 |287,9 14,2| 17,3| 16,5 0,0 {18,4| 0,0 25,5
16°? 7.8 483 37,1 34,0, 10,0( 0,7 |273,3 7.1 9,5 6,0 0,5 (17,2 | 0,0 23,2
7t 7.8 447 37,9 36,2\ 13,5 0,7 | 247,7 16,3| 12,1| 11,5 1,6 | 17,8 0,0 24,3
*18 T 783 62,9 53,1 12,5/ 0,8 | 378,2 20,6| 16,3| 24,0 i,2 (17,7 0,0 37,5
*19* 7:8 922 |101,4 46,2 8,3 0,4 |339,1 30,5 59,1 37,5 0,0 |16,0| 0,1 44,3
20t 7,3 1050 | 123,86 54,4\ 13,0f 0,3 | 362,3 37,6 91,6| 37,5 0,0 | 15,2 | 0,0 53,2
21> 7.7 565 46,4 39,6/ 14,5| 0,8 | 261,1 23,8| 26,3 7,5 0,5 |17,6| 0,0 27,9
22 T+6 358 43,2 20,0 4,6/ 0,7 |201,3 3,3 3,0| 26,4 0,0 |21,4| 0,0 19,0
23 7.7 360 36,0 23,9 5,3 0,8 |183,0 6,2 2,0| 39,7 0,0 |22,0( 0,2 18,8
24 7.7 345 56,0 17,0 3,7 0,9 |176,9 4,5 2,1 30,6 0,0 (20,0 0,3 21,0
25 7,4 399 62,4 5,9 5,9/ 0,7 |189,1 5,3 5,8| 27,8 0,0 |15,0| 0,0 18,0
26 7:3 356 76,0 2,4 4,1 0,7 |244,0 5,4 6,0/ 24,3 | 0,0 9,0 0,3 19,9
27 7,5 564 56,0 30,5| 13,5 1,8 |323,3 3,8 6,0 30,4 0,0 (19,0 0,1 26,5
28 7,8 475 60,0 18,3 2,7, 0,7 |274,5 3,4 28,4 3,9 0,0 9,5 0,0 22,5
29 7,6 418 39,2 25,3 8,4| 0,7 | 244,0 2,7 2,6/ 6,2 0,0 |23,8| 0,1 20,2

30! 8,0 665 58,8 46,1 10,8 0,9 | 214,0 90,0 78,0/ 4,6 0,7 0,0 33,6
an? 8,0 670 65,7 48,7 9,9| 0,9 |226,0 86,0 83,0 4,1 0,6 0,0 36,4
az? 7,9 721 66,7 48,2| 14,6 0,6 |183,0 | 110,0| 83,0| 6,7 1,0 0,0 36,5
33+ 8,1 678 70,9 50,5 10,0| 0,8 | 266,0 47,0 95,0| 13,9 0,7 0,0 38,5
347 7.9 594 58,1 37,2 12,7 1,8 |311,0 26,0, 61,0( 1,1 0,7 0,3 29,8

a5 7.5 741 72,9 40,5 4,9 0,5 | 339,0 12,4 13,3) 31,5 o,8 |12,7| 0,0 34,8
36! 7,6 689 70,7 58,4 6,8/ 0,2 | 328,2 19,1| 66,5| 33,5 0,3 |20,6| 0,0 41,7
37 7.8 1305 | 42,9 | 117,6| 38,0 9,0 | 976,0 26,9 6,6/ 4,5 0,7 | 27,6 0,0 59,1
38" 8,3 598 64,3 40,2| 10,2| 1,7 | 268,4 32,00 55,0 6,5 0,0 0,0 32,6
39t 7,9 786 69,6 48,6| 27,3/ 0,8 |115,9 ) 136,0| 99,0| 5,3 0,4 0,0 37,3

O1 xwdixoi ue aorepiono deiyvovy dti Eytvay xar devtepes avalvoeis og diagopeTixi megiodo.Ot xwdixoi ue
oeixty (1)dnAdvovy yewtprjocis ota vepd TV omoiov €yivay avalvoels yia Tp000L00IOUG 1XVOTTOL EWY.

3)Awevpvugvo didypauua DUROV

To Sievpupévo diaypappc tov Durov, avamtiybnxe and tov Lloyd(1965) yio v ameixdvion Twv udpoynut-
ROV TOOV TV VAGYELmv veQuv. Ta Selypoarta Twv vIdyeLwy vepav oto dudyoapua ms Ewdvag 3 ratavépoviat
#upiwg oug vomeELoyEs 1 #ou 2 xou vatd devtego AGyo OTig VTOTEPLOKES 5 *al 8

Zmv vroneploxy 1 Ta emxrparoivia 1ovia eival aoPeotovya oEvavBpaxixd. TTpdxertat yuo vepd tov Lo-
VOV T00@odO0INS EPTLOVTIONOU TV Vtdyewy VOpopdpwy. Ta vdyewn vepd autd tpofpyoval axd Ta TEQL-
Bapue g Aerdyng ruping oto B-BA tpujpa (Kheitog, #wd.25, 26), Axpvii (xwd. 24) ®at 010 dutind Tunjpa mg
repLoyic IMovrtormung (rwd. 19 xou 20) won ev né€ger £x g mepLoyric Aperdvou oto voto tuijpa me. H emnpd-
™Mo TWV IOVIOY T0U aoPeotiov propel va arodobel om didhvon twv avBgaxirdy kporahomaydv, AaTuromnad-
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YOV, CUPOYGRROV 2ot ERAWV ROKAMOGY VAROV avipuxiuig ®uping aUoTaong TWV RWOVIV #OONUATWwY  mou
avantiooovral ote Teotfuoie e Aeravng.

Exdva 2. lotéygauua ovyvotTiftov 0Ta XUQIa OTOLYEQ TWY VTOYEIWY VEQWY
Figure 2. Histogram frequencies of major elements in the groundwater

Eux. 3. Atcvgvugvo didygauua Durov-Piper
Fig.3 Expanded diagram Durov-Piper

Ty voneploy 2 6mou emxpaTovY oMV TAELOVETITA Ta TEQLOOGTERX dElypaTa, €XOVNE HupLEYIn TWV
1éviwv Mg** #oaw HCO, swov Siivatar va gavegmvouy aviahhay lévimy pe 1o Ca’*. Katahappdvouy 1o ®evioL-
%6 ®aL vOTo THijpa ™S Aexdvng. 1o vorodutxd tunjpa e mepLoyis o Mavpodévdpl HexoL TG TEQLOYES
Apemdvou wou F'ahaviov, iy Tov poyynoiov yia Ta vdyew VEQd g TEQLOXYS avTrig Oa TEENEL Va amoTehOtY
VPG T0 OQPLOMBILXA TETOHUATA T OTTOI0, AVATTUOCOVTOL TG00 EMPAVELUHEG OO0 ®al VTOYEL0G.

Tmv vronepLoyy 5 To Sefypota vepol meptoplopéva ot aplBpd amotehotv Eexwolomi opdda xal kotahap-
Bavouy avamTuEn ®otd wixog Twv mpavay Tov yvitwpuyeiov Tov N. TTediov. O vymhés oUYHEVIDDOELS TMV
wvtwv SO, xat CI dev moémet va dincohoyoiviar and my enidoaon 1oV AMyviTikeV OTRORAT®V oL ioro-
viaw o8 enagr pe o vdpogdpa otpdpara (Iaviag, Kalhépyns 1997), ahhd ruping arxd mv roopodoaic. tov
ofporog ovkol mov mepovoLdlel mokt vymhés ovyxrevipwoers oe SO,” (Dimitrakopoulos et.al., 1991).

“Eva delypa oty vromeploxy 8 mou yapaxmoletar and vymhij ovyxévipwon o Cl' agopd 10 veQd Mg
yedmonone (rwd.6) mou éyel pumaviel and To ATGPANTH TUQUREIEVOY TUPOHOPELOV.
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4) Karaiiniomnra vepou yia vdgevon

Me Bdon Ta amoTEAEOPATE TOV YNUKEY avahioEmY OTo ®UPLK OTOLYEI RO LYVOOTOLYEC TWV VTGYELOV
vepwv g Aerdvng Zaptyxiok, eEeTdleton N vatehAnhéTTo auTdy al TAEVOAS TOOLUOTNTOS.

ALmOTOVETAL OTL TA LOVIA TOU Payvnoion OTa TEQLO0OTEQX OEIYHaTa Tapovotdlovial auEnuéva ®ol €-
TOUEVIE WS TEOG TO LGV auTd N moowpoTnTa £ivar petoia. O meplertindmreg 08 appavio (NH,) xow vitowdn
(NO,) ot 16 and ta deiypata mov eEeTaomuay wotval 1 Eemepvoiv ta emtgemntd 6pwa roopsttag (NH, =0,5
mg/l, NO, = 0,Img/l). Ta vepd owtd evromiCovrar oto xevipind xar NA qujpa g Aexdvng tov Zaoty#ioh,
»aBic %ot oTic Yewtonoeic otodyyone me A.E.H mimaiov tou N. Mediov. Smv Emdva 4a xon 4B mapovotdte-
TOL 1) YEWYQUMLKY HATAVOUY] TV CUYHEVIQWOEWV OF VITRMON Rl CUP@VIaXG TOU TaEOVoLdlovy TIHES mdvm
QT T AVOTATA ETTEETTA GO0 TOOUETNTOS. OL VPNAES CUYHEVIPDOELS OTIS TEQLOXES CUTES OYETILOVTOL HUQ(-
WG e TV vrephinavon Tov edaguy yia v Pedtinon g anddoong twv RuhhepYELDY 08 ouvOVaoud pe avtn-
péveg vdpavhirés aywypdtreg tov afabr vdpogpdpov opitovra.

-}

4a

% <

Koihada ©Oupapid
- o

& +

upapid
o

Ewova 4a. Xdptns xaravourjs iowv ovyxevrpdocwy ot vitpwdn (NO2). Ewxdva 4f. Xdgme xaravouijs ivwv
ovyrevTpdoewy ot auuwviaxd (NH4). Ot oxiaousves mepioyés deiyvovy tiués adve and ta emrpentd avdrara
dpla mooIuoTHTAS.

Figure 4p. Areal distribution map of nitrate concentrations (NO2). Figure 48. Spatial distribution map of
ammonium concentrations (NH4). The shadowed area shows values above drinking water standards
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Amtd Tov mpoodLoptops Twv 16 yvoototgeinv oe 26 deiypurta vepou (IMivaxag 2)damotdveral 6T 08 puxpd
aolBps yewtorioemy ot ovyxrevigwioeis o Fe'*, Mn'*, Cd**, AI**, Ba® xat Cr Boioxovral ndve ans o emtpe-
ATh 6oL TOOGTNTAG, TO VEQX TWV OTTO{wY HAALOTO EEOLY TauTdyeove %ot 10 edBAnua pe ta NO, NO, xa
NH,*. Zta udhowmic Ly VOOTOLYELR OL CUYKEVIQWOELS BEV EIVOL OVLXVEVOLILES.

Me Pdon ta napondve diamotdveral 6T ta vepd twv 28 YEWTEOEwVY % TOU Guvohou Twy 45 oTig omolEg
gywvay derypoTtohmpieg, VTEQPUivOUY TO CVEITUTC CTOBERTA GPLO TOGLUGTNTAS OF OUYKEVIQWOELS EVOS 1] TEQLO-
COTEQUIV CTT6 TCL LOVTAL AL L vooToLyeia mov divoviat o avtdy, IMivarag 3 (auté oupfaiver dmov onpeldvetat o
OTOUEOS) UL ETOUEVIS XoparTNOILOVTaL ®aT apy1V un ToouLa Xwois tponyovpevn exeEepyaoic yia Peitimon
TOUC E CVAUELEN VEQWY TOMS ®ahiic mowdTTag .

Ou wipleg mapepfAoelg ETONEVIIC TOV TPETEL Va YIVOUV GUECK EivaL 1) EAATIWO TV AUTTOOUATOV, 1 [N
eheviBepn dudbeon v amofhijtwy (VYRWV KOl OTEQEWMV) %L 1) HEIMON TWV TOCOTHTWY VEQWY o StatiBevrol
yue a@OEVOELS TEOKRELUEVOU VO LNGoEEL EAGTTMON “EMOTROPEV” artd To Vepd dpdevong, Tov ng YveoTd emfBa-
QUVOLY ONUAVTLKG TNV TTOLOTNT TWV VAGYELWV VEQWV ot katetibuvon avni. Emurhéov Oa moénel va armopei-
YETOL 1) AVGEUEN YEWTENOEWY Yio UOPEVTIXES CVAYHES OTA RATAVTI) TWV XOWVOTHTWV AGY® TS %O1ONS TwV aop-
pognurev fobBowy mov Pploxovial ota avavTy TiHATE auTdy.

Hivaxag 2: Avaivoeis tyvoorotyeiov (Mepiodos deryparolnypias Tovdiog 1998)
Table 2: Chemical analyses results for minor elements (July 1998)

Ovopaoia Kud A1 | Fe'™ | Mn™ | cu™ | Z2n™ | P Ag |As3+| cd” Ccr| Hg" | Ni [ PB" | B |Ba"| F
rearpnong pg/l |pg/l|pg/l |pg/l|pg/l|pg/l|pg/l|pg/l|pg/l| pg/l| pg/l|pg/l | pg/l [pg/l | pg/l |pg/l

<10 60 <2 <2 37 |<100| <10 | <20 | <5 45,9| <5 | <10 | <20 | 21 14 110
Inter. B. 21 114 | 3,8 <2 |12,3|<100( <10 | <20 | <5 <10| <5 <10 | <50 | <10 18 50

Standard B. 2
4

YKZ-3 7 85 335 |54,3| <2 |20,9|<100( <10 | <20 | <5 12,9| <5 <10 | <20 | <10 54 100
8
9

YKZ-4 59 | 105 8 |22,5|14,6|<100| <10 | <20 | <5 | 29,5| <5 | <10 | <20 | 36 34
B.AEYAK 25 | 114 | 50,4 (14,8 20,9 |<100| <10 | <20 | <5 <10| <5 | <10 | <20 | 26 59 | 100
Koiv.Mavpo.| 14 16 82 <2 | 5,5 373 (<100 | <10 | <20 | <5 <10| <5 | <10 | <20 | 32 20 60
YKZ-5 16 58 | 166 | 5,1 | <2 |16,4|<100| <10 | <20 | <5 <10/ <5 | <10 | <20 [ 30 33 | 120
YKZ-1 17 31 | 135 11 <2 | <10 | <100 <10 | <20 | <5 <10 <5 | <10 | <20 | 25 47

Koiv.loviox| 19 25 90 | 3,5 | <2 |18,7|<100( <10 | <20 | <5 <10| <5 | <10 | <20 | <10 | 31 60
Kouv.lloviox | 20 26 76 <2 <2 | <10 [<100| <10 | <20 | <5 <10| <5 | <10 | <20 | 34 33 50

YKZ-T7 21 27 103 8 <2 (20,8 |<100| <10 | <20 <5 <10| <5 <10 | <20 20 51 100
Opadixn 23 20 62 <2 3,7 |13,9 (<100 <10 | <20 <5 56| <5 <10 | <20 15 36

YNO 105 30 <10 34 4,5 <5 3,3 <5 <20 <5 <5/ <5 <5 <20 a3 48 140
YN 106 31 | <10 | 41 [10,7] <5 | <2 <5 | <20 | <5 <5 <5 | <5 [ <20 | 18 | 51 | 140
YNT 108 32 <10 | 46 | <8 | <5 | <2 <5 | <20 | <5 <5/ <5 | <5 | <20 | <10 | 50 | 180
YND 115 33 |<10| 26 |4,5[ <5 | a,2 <5 [ <20 | <5 <5/ <5 | <5 [ <20 [ <10 | 45 | 110
¥YNO 117 34 44 312 31 <5 545 <5 <20 20 <5| <5 <5 <5 <20 28 130
Evota@i&bng| 36 | <10 | 75 | <2 | <2 | 260 [<100| <10 | <20 | <5 | <20| <5 | 40 [ <50 | 17 | 18

YNO 89 38 <10 (16,2 | 4,6 <5 B,9 | 240 <5 <20 <5 <5| <5 <5 <20 | <10 28 100
YNO 107 39 <10 (20,6 | <2 <5 5,9 | 460 <5 <20 <5 <5| <5 <5 <20 | <10 46 250
EheuBepi6dn| 40 | 36 | 80 | <2 | <2 |32,5|<100| <10 [ <20 | <5 | <10 <5 | <10 [<20 | 16 | 17 | 70
Kafave{ibng| 41 | <10 | 91 | <2 | <2 | 80 |<100]| <10 | <20 | <5 66| <5 | <10 | <20 | 28 | 28 | S0
Baputipibng| 42 | 446 | 2650 [60,7[30,8(74,5[<100| <10 [ <20 | <5 | <10] <5 [ <10 [ <20 | 15 | 45 | 100
¥no 43 | 27 |7350| 32 [25,7] 173 | 310 [ <10 | <20 | <5 | <10[ <5 | <10 | <20 | 16 | 107 | 150
YEZ-6 44 | 29 [ 115 |18,9| <2 [s1,5[<100| <10 | <20 | <5 | <10 <5 [ <10 |<20| 30 | 57 | 40
YKZ-2 45 | 24 | 77 | <2 | <2 | <10 |<100| <10 | <20 | <5 29| <5 | <10 | <20 | <10 | 19
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Hivaxag 3. YaépPaony avordroy opiwy mooiustyras
Table 3. Values above drinking water standards

Kwb k.| Ap.Mtpdou Tedtp | Mg | Fe ' | NH, | NO; |NO, |[Mn** [al1*7[cd™ [cr [Ba* Xpioeig vepoy
5 90 (YKZ 6) + + Tedtpnon Y8p. Kolavng
7 159 (YKZ 3) + + + + >>
17 319 (YKZ 1) + + >>
21 399 (YKZ 7) + >>
43 81 (Ymo) + + + >
9 161 (f B 5 810) + + + + >
19 394 + Teatp. Y&p.Movroxopng
20 |[395 + + >>
18 352 + + AviA/oio Apénavou
24 381 + Avih/oio AxpivAg
35 50 + Kouvor. Maupobevdpiou
37 368 + + Avih/olo Tahdvng
10 261 + ISwwtixf Tewtp
1 34 + Teapnon ISLwtixf
[ 130 + ISiwt ik Tewtp
I3 266 + + ISwwtikf Tewtp
12 270 + ISiwtixf Tewtp
23 53 + - ISiwt ikl Tewtp
26 |71 (P3) + I5.0T ik TEwTp
30 425 (YNO 105) + + Tewtpficetg AEH
31 426 (YNO 106) + + >>
32 |428 (¥YNm 108) + + >>
33 430 (YNNI 115) + + >>
34 |437 (¥mm 117) + + i + >>
38 422 (YNO 89) + >>
39 427 (YNO 107) + >>
41 8 + ISietixfy Tewtp |
42 284 + + + + I iwt ik Tewtp

4. LYMIIEPAZMATA

Me BAom Te GOTEAETUATO TWV YMPIIEDV aveAioEwY OTo %UOLO OTOLYE(R RO L VOOTOLYELC VITGYELOV VEQOU,
dLamoTeveTaL 6Tl 0 avdTepog VOPOPGEOS 0poVTaS £XEL VITOOTED OnuavTikl oot VIOPEBION TWV VEQUV
10U oL ogeiheTa ®upilng ot avBpwmoyeveis dpdoELs, AGym VIEQMIAVOEWY, X01ONG GUTOQUEUGRMY, dudbeong
amofhijtwv xau emfdrhetar 1 Mjyn duecwv pétpwy.

H vynhij @dption tov oe NO, Ba mpéner va anodobel extds and tg dpdoels twv “mnydv” aldtov wou
Poiorovran omy emgdvela Tov e8dpoug raL om Xo1on amopgognTkGY BBV oTig xowdmreg Tov folouo-
vrau pog Ta mepLfdpia g Aerdwng. Apeoa pétpa pootaciag Oa pénel va AngBolv oug yewtenoelg Udpe-
ong 7ov PEIOAOVINL 0T RUTAVTI) GUTWV TWV TEQLOY MV,

H xotalnhémra Ty uIGYELnY VEQUIV Yia TIS UDQEVTIRES avdyreg elval 08 TOAES TEQUTTWMOELS TOAT Ran
dedopévou 6u eivar empPapupéva Wdiaitepa oTo XEVIPXGS Tjua ™ mediddag Tov Zapuyuidh, €& autiag e
vymMic ouyrévipmong xupiwg oe appdvio (NH,) xaw vitpddn (NO,). Ané ta 45 delypota mov eEeTdomroy
and 1oapldpeg yewteioets, diamot@inxe on oe 28 yewtpoelg Ta VEQD Toug £xouv LeQPEl TNV cvdTaTn Ty
roreAnAGTTag Lo TGO OF MLet 1] TEQLOOGTEQES GILS TIG TUQUUETPOVS KO ENOUEVWS YLCL TNV O1|0T) TOVG TIOETEL
va ingBotv pétpa Pelticon g moldtTag.

H avdlvon oe 16 yyvootougeio £deike 6T pévo oL ovyxevipdoelg oe Fe'*, Mn**, Cd**, AI*, Ba™ »au Cr
Boforovrar oe Aiyo deiypata méve and Ta emTEETId GoIa TOOPGTTAS EVEH Ta VIGhowT Ly vooToLyEln: Sev
e(VOL aVL(VEVOLUCL.

EYXAPILTIEE

Toug ymuurovg e texvirotc mg A.E.H mov éxavay Tig ynunés avalioeis zabig xol Tig aouddieg Atgvbhiv-
oeig Mg A.E.H guyapiototpe Beopd and v Béon avni.
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AIEPEYNHEH TQON I'EQAOT'TKON - YAPOT'EQAOTI'IKQN ZYNOGHKQN LTON
AI''KHPYKO NHZOY IKAPIAZL. IIPOTAXEIX I'lA BIQXIMH OIKIETIKH
ANAIITYEH - IIPOXTAZIA TOY AOMHMENOY ITEPIBAAAONTOX KAI TQN
OEPMOMETAAAIKQN IAMATIKQN ITHI'QN®

B. [IEPAEPOX | E. APAKOHOYAOY:, A. BAAAAAKH-TIAELZA’, A, APBANITHZ‘, A. AAATZAKH'

IZYNOWH

H gpyaoia €gelL wg avurelpevo v magovoiaon mg pebodoroylag ®al TwV CUNITEQUONETMV TOV TEOEX MY
and T Slepetvion TV YEwhoywdy ouvBnradv mg meptoyric Tou Ay. Knotrov Irapiag mov mpoopitetat yia
OUALOTLHY] AVATTUED, #VQIWG Yict TNV £XTIUNOT TS €xTaons Tov mpoPMijuatos e ratohobaivovoag meployiic
naL e evOEYSpeVNS oUmavong Twv Begpopetodhindv mmywv mg Ikapiog. Me fdon ta ovprepdopato e €peuvag
darvmwbnzav wpotdoeig mov Ba mpéner va Angbovy v’ Gy ot Eva 0hORANOWUEVO OXEDIONS, Y TV
mpootaoia tov dopnpuévou mepLfdihoviog ral yio pio BLidoin ortoTrT] avatuEn oty TEoLoY.

ABSTRACT

The paper presents the methodology and the conclusions that occurred from the investigation of the geo-
logical setting of the area of Ag. Kirikos on Ikaria island. The area is to be developed for residential use. The
modern ideas on sustainable development imposed the need for the assessment of the problems, which could be
caused by natural destructive phenomena, as well as for suggestions for the protection of the built environment
and the natural resources that exist in the area under development.

The main problems that were known and had to be investigated involved the landslide phenomena that
effect the village of Ag. Kirikos and the flood hazards that occur from the activity of the streams that flow
through the area. In the framework of the investigation, the geological and hydrogeological setting of the thermo-
mineral springs, which are of international importance and are found at the village of Ag. Kirikos and in its the
area adjacent, was examined. The geological and hydrogeological investigation was done to detect possible
effects and contamination by processes occurring on the ground surface near the springs and in the wider area.
Protection measures for the springs were proposed to ensure that the activities of urban development will not
affect the springs.

The wider area that was investigated consists mainly of metamorphic and semi-metamorphic rocks, but also
an extensive biotitic-granodiorite intrusion is found. The three units referred above are covered in places by
Pleio-Pleistocene stream deposits, as well as scree and talus cones.

Minor aquifers are formed locally in the scree, the talus cones and in the weathering mantle of the gneiss and
phyllites. These minor aquifers are not connected to the thermomineral aquifer.

Along the coast thermo-mineral groundwater is encountered, through springs, the most important of which
are: Asklipeios, Therma Leykadas and Analipsi.

The area was divided in different zones, based on the results of the investigation. The zones referring to the
protection of the area from natural destructive phenomena are shown in Figure II. The zones referring to the
protection of the thermo-mineral springs are shown in Figure II1.

The proposals for the prevention of problems caused by flooding suggest the restriction of building at a zone
10m wide at both sides of the stream beds. For the area of the landslide it was proposed that the investigation has
to be continued and until then a series of measures were proposed involving limited residential building. Control

* GEOLOGICAL AND HYDROGEOLOGICAL RESEARCH OF AG. KIRIKOS ON IKARIA ISLAND. SUGGESTIONS FOR SUS-
TAINABLE URBAN DEVELOPMENT - PROTECTION OF THE ENVIRONMENT OF THE BUILT-UP AREA AND THE THERMO-
MINERAL SPRINGS (SPAS).

1. 56, Dionysou Str, Athens, Greece.

2. 4, Aisxylou Str, Drafi, Athens, Greece.

3. Ministry for Environment, Physical Planning and Public Works. 36, Trikalon Str.

4. 31 Meandroupoleos Str, Athens, Greece.

5. Ministry for Envirc Physical Planning and Public Works, 17, Amaliados Str, Athens, Greece.
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measures were also proposed for the area of Fokianeika because of the risk of possible landslides.
For the protection of the thermo-mineral springs, three protection zones were proposed (Zone A, B and C).
The determination of the zones occured by the evaluation of the hydrogeological and environmental data.

KEY WORDS: Physical Planning, Urban Planning, Hydrogeology, Sustainable development, Thermo-Mineral
Springs, Landslide, Ag. Kirikos, Ikaria, Protection Zone.

AEZEIX KAEIAIA: Xwpotatia, [Tokeodounon, Ydpoyewhoyia, Budoym avdrtuty, OsouopetalMres myyes,
Karohiothjoerg, Ay. Kijovrog, Tnaoia, Zavn mpootaciag.

EILAI'QI'H
1.2 Avrixeiuevo xar uebodoloyia

H epyaoia €xel wg avuxeipevo my mapovoican g pebodoloyiag #ol TV CUNTEQUONGTWY TOV TQOE-
AVYPAV atd T OLEQEVVION TWV YEWAOYIXMY ®at VOPOYEWAOYIXMY ouvBnxrky e meptoyris tov Ay. Knovrov
Ixaplag wov mpoopCetal yia owioTi avarteEn. "Eva tinjua mg epsvvnbeiong £xtaong eivar eviog oyediov,
EVE) 1O peyalitepo Tjpa mpdxertal vo moheodounbel oto dpeco péhhov.(Tlaréing I za 1997) H ovyyoovy
avriimym o frdopn avdnmEn enépoahav my diepetivion tpofinpdrtwy mou propel va mpoxinBolv and guot-
G ROTOOTOOPIRA PuLvOueEVE, ®afmg eTONG ®at T JUTHTWOY TEOTACEWY YLt TV TEOOTUCIC TOU dOPNUEVOD
aepIBahhovtog et TV QUMY Tépmv mou diadéTer  mpog avdrtuEn mepoyi.(Tepiépog B. xa 2000)

Ta #vplotepa TEOPMiHATH TOU HTay YVwOoTd %ol Empene va epevvnBolv agopoicay ote ratolobntird
QUIVOIEVE TOU OLALOWOU %ol oTov ®ivduvo minppipag and to pépara mov diaoyCovy my meployy. Emiong,
£ELON OTOV OWALONG %Ol TANOTOV CUTOU CUVAVTOVTOL Ot BEQUOPETUAAMRES Row 1pamiég TYEg, oTo TAaiow g
foevvag eEeTaobtnrav ol yemhoyés var vdpoyemhoyixés ovvihixes mg herdvng Tpogodooiag g xdbe myig,
0 pmraviopds kertovpylas Tovg, xabug ®al 1 enidpaon ms pehlovitiic moheodounong ot Beppopetahhing
udpogopia xal otove VOROQGEOVE 0pilovies T hexdvng teogodooiag. Enlong eEetdobnxe o ynuopdg twv
DEQUOUETARMXMY VEQMV YLCL TOV EVIOTIOUS TUYGY EMOQATEWY HUl QUIAVOEWY (o dLEQYUOTES 0TV EMUPAVELLL
TOU £8GQPOVE ®atL TOOTAONHOY HETON TOOOTAUOLUS TWV LLUUTIXGV VEQWY CITG TIC OLEQYUOIES TNE UOTIRIC CVOTTTU-
Ene.

Zra rapandve Thalow €ywvay oL eENg eoyaoies:

i. AEwhéynon xo eneEegyaoic Twv TEOYEVECTEQWY HEAETWOV KOL OTOLEIWY.

il. Tewhoyut] xootoyedenon s VPUTEENS KoL TG TROS TOAe0dpN oM TeELoYTS Ot #Alpareg 1:5.000 wou 1:2.000,
avriotouyc.

iii. Amoypagt Tmv onueinvy epgdvions 1daTog ®at PETENOELS TS oTdBuNS Tov VIGYELOL VdPOPGOL oRLovTL,
®aboe rau ynuea avdhuon derypdrov vepou and emheypéva onpeia 1datog.

iv. Zra mhaiow ™mg €pevvag Toaypatoroniinray exlong YEWTONTHES EQYoieg He T didvolEn ToWHY EQEUVNTL-
®iv yewroioewv(T'l, I'2, 3), avdvm tov Beppopetalhndy mnydy, oug Béoelg mov mupovaidiovial oto

Ty 11

2. TEQMOP®OAOTI'TKA - TEQAOTIKA - TEKTONIKA - ZTOIXEIA

H mpog ovtotixn avdmtuEn mepoyy foloxetar 0to vétio Twijua g vijoou Irxaoiag, avartiooetat oug vo-
T1eg amoAEeLs Tov 6povg AtB€pag rat mepthapfdver Tovg oIopos Yipw arnd to Ay. Kijouxo.

Emv mepLoy] mpofdhovy péon omé g olyypoves aoféoels Twv avaPadpidmy xaul TOV “OVOY ROENIETLY
ol Logou (.y. Zrmhdoua, Mo . Hhlog). MetaEl tov Aognv autdv avarmtiocoovot pELOTo JHE AORETAH TACTLES
®oiteg mowv mv €E0d0 toug ot Bdhacoa ot drapoppupéyvy zolt popgrg U.

Yndoyer eniong extetapévy Buhdoow avapabuida (empdveia .oonédwang om meploy netasl Ay. Kijpu-
#oU - Aguradua) o vpopetoa ety 20-80p., YEYOVOS TOU VTOONAMVEL [a EVIOVA avodLX1] #IVION TS LEQOOU
oe oyéon pe ) Bdhaooa.

Zmy TROS TOAEODGUNON EXTAON ®UL OTIS TOQUPES (TS £Y0VV TUQOVOLUOTEL gavdusva ratokiothioewy
HOL RUTUTTOOEWY TOV OPELOVTUL ZU0Ing 0T YEWAOYIXY] SO %t 0TV vTOoRAET] TV aAtev and Ta Ouidooa
rupare,

H meproy] mov gpevviinxe axoteheital »uping, 6mue qaiveron xou oto oyjpa (Fig. 1), and petopoppope-
VO RO UHETOPOOQPMUEVE TETOWIAT, TC OTOL0 CUNMMVE UE T OTpwpatoyoagurl didbpmon xwatd K. Ktevd
(1969) avijrovy 0TV RATHTEY HETAROOPWUEVT evETTe TG Rapiag Tov mepthapfdver yvevolovg ®at pdop-
00 ®OL OV EVOLAIEDN NuLPETCROOPWIEVT EVETHTa TE Mecupids mov mepthapfdver oylotéMboug, guihiteg
won pdppapa. Exiong ovvavrdron extetapévn dieiodvon tov frommxol yoavodiopitn tov Zvhootpt.(Tlamave-
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wohdov A. 1978, Zrovpvapag I, 1986) Tig toeic avwrépm evémreg Ralinrovy rard Oéoeic [Mhelomheiaroxmvi-
#éc anobeoels avaBabpdny pe vAud ®0oxahov, ARUOY, COYMOY XOL LUMALDY e PEYAMY CUPPETOXY %UTd
fEoels oyrRoMOWY YouvodLooiTy, #abwg ®ou TAEVOLAG ROOUATH RUL HHVOL XROONIATWY.

I weQLoy)Y EQEUVaS TUOUTNEOTVTIL S0 CLOTHRATH ONYRATOVY EVa TEQGAMAO TTROC TIC UUTES Mol £va
#ABETO TEOC AVTES pE avdoTpopa Ojypata. H Umapsn Tav ouomudtay autdy Tmv onyprdatny o8 ouvduaopud pe
TG TAOUTOIVIES DIELODVOELS OTNY EVOUTEQY TEQLOYI] UTOTEAOUY TOV ®OOQIOTIXG TAOGYOVTC YicL TV ERQEVLON
wa Aertovpyia Ty Beopopetaldiedy anyay e TeQLoy.

~~ Boundaries of urban development
m Landslide boundaries
™~ Thrust

T Fault
s1  Thermo-mineral spring

_v'v'v_,v"
VWAL N RO A
sl

N Y X

Fig 1. Geological Map of the urban development area, Ag Kirikos, Ikaria.
I: Scree and talus cones, 2: Marine terrace materials, 3: Gneiss, 4: Marble, 5: Alternating beds of marbles and
phyllites, 6: Granodiorite

3. YAPOTEQAOTIKEL EYNOGHKEL

Ydpogopio avarTioosTal OT TAEVOIXG ROOITA, TOVS KWHVOUS ROPNUATMV %al 0T0 povdia aroodbpwong
TV YVEVOiwY %ot QuAMTOY ®al elval Tomnig onpaoias. H vdpogopia avni exgoptiletal péow prpdv Oud-
OROOTWV TINYY OTLg ®0iTeg Tmv pepdrov.(Kiowdpag A. 1965, Tephépog B. xa 2000)
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3.1 H Oeguoustaldiaf vogogooia

Katd wixog mg axnic exdnhwverar Beguopetaliix véoogooia, ne ™y epgavion mywv. O anyég avté
eival avepyOpeves antd ) Bdhaooa rat epgavicovialr omy emupdvela péoa and pnEryeveig Caves. [Mpdxrette
YU TTOQARTLES TINYES OLUTETAYREVES OTIE VOTIES anTeg TS Iraplag vautd pijrog peydhov textovinot fubiopato
dievBuvome A-A.(Awowrog Z1. 1984, Oppavog xa 1983)

H Beppoxpaoia tovg #upaivetal and 35-58 "C #al 10 onuaviirs guotkoyniiss ¥eouxToIoTiEe Tovg eival
padievépyewa. Ta vdyeia vepd xatd ™) Stadoow Tovg £0)0vTal 08 ETa@y] UE T PUOLEVEQYH 0QUATA TOU YOO
vodiopitn (nabug noL phéPeg, ®OlTeS YouvodLopit) “ot amoxtoly padieveyEs 101G TES.

Ty meproyn peuvag epgaviCovral Tpeig ®ioieg Oeppopetalhnés myég: Iimaj AaxAnmeiov 0To avatohx
Ao Tov ovtopotl Tov Ay. Kijpurov, Ilnyj Oépuwv Asvxddas Poloxetar nepimov 2 km dvtind tou Ay. Kijou
®ov, Iyyrj Avdlpyme Poloreton oty avatohxi] TepLoyy] Tov owxiopot Goxiaveixa.

Katd Oéoeig eniong, £vidg ToU owmlopoy, £xovy avagpepbel epgavioels Beppopetahhixnol vepol rord Tt
exoragéc Bepehimone, oL ooieg dev €xovy epevvnBel wg mEog To duvapxs Tovs.

3.2 Yopoynueia vnoyeiwy vepwv

Mpaypatonoujdnxe derypatohmpian waw yuxEs avarioels 1600 and mv acbevi) vdpogopia Tov povdi
ATooGHpWONS TWY YVEVOTWV Xt TOV UAMTGV e ®ot atd Tig BEQpOpeTahMTES TNYES. AG TIG YNUHES ava
MIOELE IOV EYIVOY TROERMPAY TU TUOUHGTO CUUTEQAOUAT |
*  Oeppopetalhnég myEg
Ou Beppopetarhnég myés Aoninmelion, Aevrddog not Avdahnmyng 6mwg emiong xouw 1 yéwtonon I'3, mov wata

oxevdotinxe ot Thalow g EPEVVOC EVIGS TOU OLXLONOU EUPaVICOUY EVIEMDS LPOQETIRG YNILOUS ¢t

autdy oL YoURTNEICEL Ta vEdhouTa onpela devyparompias. A avtd oupmepaivetal 6TL Bo TEmTEL v

auvdéovtan dueoa pe ™y rurhopopic vdpobeppraiv dihvpdtwy ral oe xapia nepimtmon de oyetiCovia

e ™) howmj vdpogooia 1 omola Eppaviler OF YEVIRES YOUUUES TOV AVOUEVOHEVO YNILOPS UTOYEIWV VEQUWN

Kat yia tig toeic myég Bewpeitan ot o ynuopds xot dpa or pryaviopol eEEMENS g vdoogopiag eiva

#HOWOU, GO0 TEOREVTOL OTNY TEAEN YL TV (B vdpogopia 1) onola amAig EXTOVIIVETUL 08 OLUPODETLR(

onpeic.

O myég avtég yaparmoCoviat and 1OLaitepa VYNAES TUYREVTIOHOELS SIHAEAVREVOV IOVTIWY ROl and o
UOVTIRES TEQLERTIROTNTES OF LOVIC GIWE TO OTOGVTLO %eil TO ALDLO Tat ool £lveatl yaparToloTind ™ Mboloyio
G EQLOYNE (YOUVITES - YOUVOOLOPITES) ®at amOTELOVY EvOEIEN UrapEng moodtTag pudLEVEQYELXS 0TV VOO
opta. Exlone mapamoeidnxe avEnpévn neptexundmra oe Papéa pérahrha wow o Belind 16vra, yeyovos mon
OUVIYOPEL 0TO OTL 1] VOPOPOPIH TOV TINYWY ouvdEeTal dueca pe pewxn) Betotyo uetahhogopia, 1 oroln ava
TTHO0ETAL OUYVE OF YEITOVIrES Ldveg mhovtdiviov diewodioemv. OL ouyrevipioelg diakehupévon oEvydvon
efvaL OYETIRG Younhés delyvovTag 6t Oev mpduertal yia VEEG oL TPOoEpyeTaL and Luves tpopodooiag mhnoio
v mepLoydy avdpfivone. Enlong onpaviind otovyeio arotehel 1 ol vymky ovyxévipnon oe 16via yhweion
oL voTpiov xat SEVTEQEVOVIWS OF 1évIa nahkiov. Ou vymhés aUTES OUYREVIPWOELS EXTINGTAL OTL OQETAOVT
oy avdptEn tov vepou tov mnywv pe Bokdoow vepo.

+ AoBeviic v800POEIL ORXWOWY OYNUATIOWWDY KUl OTOCEHOOUEVOV KOl UOLUTEQUTWV OYNUATIOUWY.
O avalioeis myadusy, myov ®ot yeotooewmy €deiEay 6t mpoxettal pdlhov yia vdogopies eviaion
oparToLoTiRMY, dnAadi ya vdpogdpous opilovies avetdopmrovg mov Guwg AMbokoyind ot eEehintine
mapovotdlovy opotdmres. Ta yoouxToIoTIRdG TOV avayvmEILOVTUL 0Te, VEQA auTd EVOL OL OXETIRG (UEY

HEVES OUYREVIDWOELS Pupénv petdihmv mov Spuwg dev Eemepvolv Ta 6oL ®oL TOEREL Vot EIVAL TO TOTEAE

Ope SLEATOTOMONE TWV OYNUCTIONGY TOU dopoly Tovg vdpogpdpovs opitovies. Mapamoseital Edhho

OYETIHA QVEPAOPEVY OUYREVTIOWOT) YAWOLOVIWV, YUQURTNOIOTIAG VGYELMY VOQOPOOUHY TOV VNouwTiol Eh

hadirol yopov, mov Ba tpérel va arodwbel oy MBohoyia g mepLoyic, oty eyyutnTa pe T Odhaococ

(otayovidua Bdhaooug rateiodiovra pe Ty fpoydmtwon, 1/zal Bahdoowr dieioduvan ot BEoeig ov yeito

vevouv pe m Odhaooa). TTohkd delypato magovoldlovy mohd WHEES TIHES NAEXTOIRG AYWYILGTITUS ®a.

TDS.

Zta SElypaTe OOWOPEVWY (PREdTWY TopaTnenxay exlong oxetind vyniés Emg moht vymhéc ouyrevTpG:
OELS VITOURMV LOVIWY TTOU TOETEL Vo ogeihovial o8 avBpwmoyev| pimavon.

3.3 Zysoeic petalv Tov empdpovs vdgogopidv

A6 To. AMOTEALOUTA TWV EQYOLUIV TOV mpaypatomonjnxay (amoyoagrf, otdbueg, ynuixés avahioels
OEV TERUNOLOVETAL GPeEoT oy€on pnetalld g Deppopetahhinys vdpogopiag ®ou Twv empépovs aobevdy vdoo-
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@opwY opLlovTwy Te TEOLoYIiS Tou Ay. Kijouxrov,

A) Zmy nepimtmon v oy Aorinmelod rar Avaklnpne Meouxtic avaven autdy avammioooviot evo-
hoy€g paQRApOV QUALTWV-0YLOTOAIBWY e OpdEOTES RAGEIS CTOWPATOY TPOS ™m Odhaooa. O mapepforéc
TWY QUARLTOV EVIOS TWV HUppdomv dtaxdrtovy Ty oe fdfoc xivnon tov UTOYELWY VERWV Hatt T OONYEl OTNV
emupavela mpog ™ Bdhacon o8 dudgopa eximed avaloya ite TV YEoRETol TS OLEMPAVELUS PUOUAOWY (Puh-
MTav,

Eiven mbavéy rujpc tov zateiodioviog vepos péom twv onypudtny v Siamepvd TIE PpuAlTIRES TapepPoléc
ra va ratahiyer oe fabog ndatw and to exinedo e Bdalacoag va OepuaiveTal, v avapyvietal pe 1o Beopo-
pETahnG vepd xat va eE€pyetar omy . Ot TUEOYES TV TYMV Eivan O%ETIAG WXOES BOTE OL TOCOTTES
7OV TOOERLOVTL (6 TV ctaBEV napotiri] vdpoopin %ot evigyiouy Ty e OpopeTaAIA VOOOQOOIK v Elval
wn_aEohoyee,

B) Zta Ofopa Aevrddog 1 Oeppopetahhi myi eEépyeTar amd Toug guhkhitec rat oyrotokiBouve. Zto pétw-
7O ERPOQTIONG OTNY AXTOYQUIN] Tt OTOWRATE, cwTd Staxgivovial oty fdaon Tmv ovyyoovay arnoféosmy ™me
Bakaoouag avafadpidas. H arnootodyyion mg aobevolc udoogooias Twy ouyyovey amobéoeny yivetal e
rivnom pog m Bdkacoa oe éva evpl pétwmo. Katd my expognon e omy mepioy Tov mydy eiva mbavin
avapeLEn pe o veod mg mpyic. Modretal howtdy ye Siio uveEdomree UdPOPOELES TOV MBAVHS Ve avepLyvi-
OVIUL EV HEPEL 0TIV ES000 TOVC.

4. H KATOAIZOHEIH TOY AI'. KHPYKOY

Zn Puphroyoapic, joN ¢ ™ deraetic Tov 30, avagEpeTat OTL IROEC DUYIES AVamTUooOVTaL oTct eddgn
ROL TIS XOTUOHEVES TOU OLLOROU oty guptiteon epoy) Tov Ay. Knotizov. Stig aoxéc me dexaetias Tov *70 o1
HETURIVIOELS TV E0a@UIV EAuPay HeyaAITEQES OIUOTAOELS RO Ol EMTTTHOELS E7T TMVY ATLOPATWV TOU OIALOPOU
rjoay duopevéotepes. ExmoviiOnray 16Te 1OMOTEQES TEXVIROYEWAOYIXES NEAFTES TOV UTOOROTOVOMY, ag'evog
HEV 0T OLEQEVWNON %t TV (011 ATOTHTMON TV GUUVOUEVIDY (T, ag'ETEQOV OE, 0T OLUTUTWOTN TPOTHOE-
wv Tedhmymg xar Bepareiag Tove. (Elevbepion A. 1969, Kapayempyiov E. 1971-72, Pdlog A. 1979-1986, Za-
praraxdung N.1991)

ZUPGVOL UE T¢ ATOTELEOPATA TOV EQEVVEIV CUTAV, O [ UVIONGS YEVEONS TV ZOTOMOBNTIRGY Qaivopdvay
amodidetan oy yewroyirj doi me meotopic. Ot EVOAAYES TWV TEXTOVIRGIC ROTATOVIUEVOY Ko HAOOTIHO-
TOMUEVOV LAORAQWY %o TV guikitdv, dnhadi evic VOPOTEQUTON %aut £vig adLamépaTon Yemhoyizot oynua-
TLWOPOY, OF GUVOUAONG |LE TO YEYOVGS GTL 1) OTOWRATOYQLA] #A{OT TOVC Eiven OUOQOOTN %ot OYEDGY OPGTLUN fLE
mv #A{o1 ™S HOEQOLOYINS TOU avayligou, SNULOVEYOTV Tic #utdhinheg mootmoBEaeis yia v exdihwon Tov
gavopgvoy avtdy. Modypan, 1o petenoirs 1j 6rolag dhlng Tpofhevons vepd dmBovpevo om pdla Twv pop-
HAQMWY ONUIOVEYEL OTNY ETOG] TOVG ILE TOUS VTOXE(UEVOVS (PuAkiTes EMpGVELL ohiothhong, €tol Wote va dievro-
MIvETELL 1) OYETIA] PETOXIVIION TEPCY®Y TOUS RaTd T ouvioTHoN m™m¢ Poprtntog.

Ta rarohobtnuxd gawvopeva €xovy Théov eoLogLoTel onpavTird, AGym g HATUOREVNS TOU UTOYETEVTI-
#OU SIXTHOV TS TOM|S UL TG AUTUOLEVTS TV VEOV AUEVIADV EYAATUOTACEMY OTOV TGS ¢ watohobaivou-
0ag TEQLOYIG, YEYOVOS OV AEITOVQYEL, £ TWV TOUYLATWY, 1C avTiBaQo Tov ualov mov €xovy vivnromomel.

5. MPOTAEEIZ I'IA MIA BIQEIMH OIKIETIKH ANAIITYZEH KAI METPA IIPOLTALIAE

Me fdon ta ovpmepdopata e EQEVVAS TOV THQOVOLACHNHE TUOUTGVH 0TV TIOS OLALOTLRT] (vATTTuED)
nEQLOYT] draEiONKay TUITE GOV EYIVAY CUYHEHOULEVES TTOOTAELS TOU TOETEL VL Mgbotv v Gy word
v oreoddpmon.(Iephéoog B. %o 2000) Ot T00TAOELS TOU A@OQOUY OTHY TOOGTHI TG TEQLOYNS (6 QuOtKd
RATUOTQOPIAG Gavipeva wapovoidlovrar oto oy (Fig. IT). O mpotdoeic mov agopotiv 0TV TEOOTUOIC
TV LapaTizay mmyay zagovodloviar oto oyrjue (Fig. I). Suyrerowudva:

A) Namy aroquy meopinudroy mnppipac cvonjveta va pny dopnbotv ot Coveg mhdroug 10p. exatépwley
NS %OTNS TV PEUATOV.

B) ' myv wtegroyr mg vavohiotnong mpoteivetan n €pevva va ouveyiobei pe dixtvo EQUPOTEYVIRWV YEWTONOE-
WV, TROREIPEVOL Vit YapTOYRUgNOE] AETTOHEQE RGOS 1] EmpdveL okiotnone. Oa moémel va EYRUTUOT-
Bovv zhiadpetoa o melpetoa, Yo my mopoxrohotiinom Te xR ™mg rarohobaivovoug palag
#at e daxipavong me otdung Tov vaGyElon vepou.

Méyot va vhomombiel n mapamdve TEOTAON, EELd ) el TAEOV QOQTLON TOV EdAPOVS (TG VEES O1RODONES

OF GUVOVIONG |LE TOVS TUOGYOVTES TTOU avamTiyfnxay meoumdve &ivar mhavéy v EMAVadQUOTNOLOTON]-

O0VY ZOTOMOIMTUAG UIVOHEVA, TOOTEIVETAUL OL VITGOYOVIES YOOI TOUGTYOU Vel drevpuvboty %ot va a&lo-

mombolv wg oL RovEyENoTOL TEAGTVOU.
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) Smy meotop] Tov Goriaveirov 1 Yewhoyia, 1 TEXTOVIXRI] TNG TEQLOYNG, 1] EVEQYELL TWV HUPATIONMV Katt O
(POOTIOELS OO TIG VEES OIXOOOUES SNLOVOYOTY TIg npoimoféoelg yia pehhovurés ohothoeie. Iooteiverat
edagoteyvini Egevva yua Tov axofh 7000BL00IOIG TS YempeToiag TwV mBavoy acbevay Lovov aotoyl-
ag.

A) Tt TV TQOOTAOC TWV WHUATUADY TNYWY TOOTEIVETOL V. LOYUTOVV empGobeTa Ta TapodTo pétpa wov Ha
TPENEL vt £QoopoaBov o TRE(S LOVES OL 0TTOlES TOOERMpaY GG T CUVERTIPNON TV VOQOYEWAOYIRWV KL
neoifaihovarav dedopévav. Emonpalvetal ou dev vrdpyouy eviaio yuo 6hn v Evgdimn, rabopiopéva
vopuxd #ottijote oprofémang Lovov mpootaociag oavavm YOV 1] VOPOMTTIRMY EQYMV, EVE) EVaL YEVIRIS
AmOdERTOC, 08 TOMAES JWPES, 0 %BOQLONGS TOLHV Lwvady apootaoicg A, Bra C.(Kakhéoyms I. 1986, Matthess
P.G. at al 1985)

i, Zdéwn A, dueong mpootaciag, mov 0ileta o8 axtive 30 wwé Tg avaphiosig Ty mopyav. Zm Lovn aot,
7OV MEOOTHOTEVEL TO Gpedo eotfdrhov me mnyrc, Oa TOENEL Vit arayoQeveTal xaOe avBodmvny dpaom-
oLéTTa %o yopoxrmottetal wg Livn Thjeovs amayGREVOTS. Tat vopipwg verotdpeva xriopara otg Loveg
QUTEC TEETEL VoL UVIEBOTV [te HIXTVO AITOYETEVONG, VU HATAOREVUOTEL OIXTUO UTOPARQUVATIS TV VEQUIV TS
Booyic xew vor AngOEl pépLIva Yio TV amoTom mOavaY HOAGVOEWY.

ii. Zawn B, prokoyuic mpootaaiag S0 npepdv, wov opitetan 6mwe onpernvetal otov Xdpm Zovawy Mpoota-
oiog lapomzdy Ihyyav, pe pacel Ta €51 rormjoua:

H péon duamepardmra pe fdon ng peterioeig om yewtonon I'2 omy aepLoy Asvradia vrohoyiletan 6ml
givan 2,43*10*m/sec. H mepardma cunj eivan agretd vymhi yua 10 £000C TWV TYNUATLOPGV ChAd PTOEl va
OUVOEETAL IE ATOLES LHVES YOAUOWY VMRV, ROOUGRES, GppOL, Fahixio TOU TPOEPYOVIUL (TG TOV GVAVTY
yoavodiopity. Me m duamepardmra i opile v mpootaoiag B og axtiva 1 . MEQL TNV i Agv-
nadia.

Avavm mg myiic Aorinmelov avarrtioooviaL eveihayEg HOQPAOWY - QUALTOV e »AIOEIS TTQOS T Odkao-
oa. O TaoepPOLEC TOV QUAMTHV LELHVOLY TNV XATAXRGQUET SLLTEQUTATITAL #at 0dNYOTV T VTTGYEL VEQX TOOC
T Bdhaooo. H drapln Gpog tmv onypdtov eivo mOavey va avaperyviouy pepuris Ty aoBevi xagoti
vdoopopia pe ™y avriotouy) Oeopopetakhizn] oy my £E0d0 T2 0TV Iy 1 070 %o TS TS, To To hGyo
autd om Covy B megiapfavovral ot Aogot avdvn mg anyris AozAnTeiov G0V aVOITUOOOVTOL 0L ROQOTIROL
OYNUOTLOROL EVTOVE OLEQOTYHEVOL.

H Caivn B mootatevet 1o udyelo VEQS and [uofLohoyixy] RUQIME EUTEVOT), %O TQOTEIVETAL: ©) VL ETTL-
TOUITONY PHOVO 1fmieg avipmmveg SQUOTNOLOTNTES PBE THY npoiméieon 6t eEaopahilerar n TpooTaaia e aoble-
votic vdpogooiag. Elval exiong anagaim n #ataoxeu] amoyeTEVTIROU dixTiov Gmtov Oev LIAEYEL. ) Vo et
TOETOVICL NOVO OUOhoYIRES HUAMEQYELES. O TEEMEL EMIONS VX teBotV e OELOG CITOYOQEVOELS OTLS YOTOELS
YNe, 6meg Vel 1) areyGQEVON EYAOTAOTAONS “aL AELTOUOYiaS TOUTEIWY VYRV ®aWoTmY, ®oummoiny, hato-
pefov, ouvepyEioV cutorvifTny, Boowig %ot aTavlopoy TV, HETEAAEVTIRIG DOUOTNOLOTNTAS, KA.

iii. Zavn C, ymuuig mpootaoiag, mov 0pLetal ard Tov vdooxoim TV hexavay mov exfdhhovy rovid oTig
mpyéc. H Lovn auni mpootatedet g myeg omo PETAQOOE NS PUOEWS QUITOYEYHV OVOLDY HECW TWV
pepdTov o 0T oLVEXELH pédm dmhjoewy ota ROTAVTY %OVTE OTIC LOVES TWY TNYWY progotv va xivnovy
vnéyela moog Tig eE6dovg avtdv. T Lovn cuvni Ba moger exiong oL ¥ONOoEIS NG Ve TEQLAGPOVY OQLOMEVES
amayopeoElg, GImS EIVAL 1] EYXATATTAON XMWY UYELOVORLAIG TUQS CITOQOULATMY, LNILKGY Ha NETOA-
LovpyI@Y epyoaTaoiny, fuocodepiny, peydhwy HINVOTQOPIRMY HOVADWY, XOWUNTNEIV.

Téhog, eniong emMONUavETaL 0 %IVOLVOS QUTOVONS TWV OeppopeTahhixdy mydv and mbavij piravan g
Odhaooag pe amdphnte 1j metpeharounhideg, opurtéhata it O #ivduvog autds eivar peYahiTeQOg dTav Tve-
OUV OL VGTIOL GVEROL %01 ETKQATED VVENia, OTGTE Bt prootoe va TpoxhnBel pumavon, 1600 a6 m duabeon
avereE€pyaoTav aotdy Awpdtoy oto Bakdooto negidhiov, 600 rat oG mbavi ynuiry oUIovon.
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YIHOAOTTEMOZX KAI AZEIOAOTHIH TQN YAPAYAIKQN ITAPAMETPQN
AYO YAPO®OPQN LYETHMATON LE AIA®OPETIKO IZHMATOTI'ENEX
IIEPIBAAAON XTH MAZA THX POAOIIHL'

X. IETAAAL', E. TIANIAAE °, I. AIAMANTHE, ®. TIAIAKAL

ZYNOWH

Zmyv epyaoic avtij vroroyiovral xar oxohdlovial ot Tiég Twv vdpaVXHY napapérpov T zal S oe dio
VOYELOVS VBPOPORELS o dnpovpyibnray o évag oe mepLPdihoy Sranhaditopevou motapoi(vrd micon
v800@6R0g) 010 N. Poddmng (avapueoa otig Aipves Iopapida xat Biotwvidae) xat o dhog ot Mpvaio (shetiBepog
v8popipog) am herdvn Apdpac. O tpés me eduric anddoongs avov vdgopopéa Tou N. Podénng rupaivovran
and 0.28 €wg 33.3 m/h/m xaw otov vdpogopéa g Apduag and 1.2 éwc 10 m¥/h/m. Ot tpéc tov T xan S,
mpoodlogiomxay ard Ta dedopéva dorpaoTrmdv avIMoEwy, yonowonowdvrac Toia tpoyodupare H/Y, 1o
SATEM mov PaoiCetar omyv tpomomompévn and toug Cooper and Jacob péBodo tov Theis, nal 1o ANALYSE
naw THEISFIT sov faoiCovrar omy eElomon tov Theis. £ro N. Poddmme n T wupaivetat ard 99 éwe 8613 m’/day
%o 0 S amd 1.098°10° émg 9.9357107. Tm Apdpa n T xupaivetar annd 95 éwe 492 m¥/day xat o S and 1.4°10° £wg
410%. Ovtpée T naw s ov €dwoay Ta 2 TodTa npoypdppara oto N. Podémmg oyeddv tavtiCovral evd om
hexdwn e Apduag mapovoudlovy onpavixdtateg amoxhicels mov amodidovral oto dLapoeTind meptParhov
inpotoyéveons xat OTo ETPEQOVS XUOUKTIOLOTIXG TOV.

SUMMARY

In this work, the hydraulic parameter values of two aquifer systems are estimated and discussed. One of the
two aquifer systems is located in the coastal area of Rhodope Prefecture between Lakes Vistonis and Ismaris
and the other in Drama basin. The Rhodope aquifer system is formed within paleo-alluvial deposits of Upper
Miocene age of a braided river. The aquifer system of Drama basin is formed within lacustrine deposits of
Quaternary age. Aquifer material in both systems derived from the same source of parent material, namely, the
crystalline mass of Rhodope. Coarse-grained deposits consisted of sands and gravels predominate in Rhodope
aquifer system. Braided river deposits appear to be the most coarse-grained ones in relation to any other type of
alluvial depositional environment. The heterogeneity of the hydraulic properties controls the small scale varie-
ties of groundwater velosities. Only fine-grained deposits can be recognized in Drama basin aquifer system. The
lacustrine deposits are characterized by an upward-coarsening sequence and a simple offshore decrease in grain
size. An abrupt transition from alluvial fan environment to offshore lacustrine facies is observed in the southern
part of Drama basin. A high potential confined aquifer is formed in Rhodope area with a thickness up to 90 m
and consists of one, two and usually three distinct beds which are in hydraulic communication. This aquifer
system displays a variety of transmissivity values only in a small scale. Generally a narrow field of fluctuation
concerning the transmissivity values is observed in this area. Based on data from 217 wells (mean depth 136 m)
the specific yield values range from 0.28 to 33.3 m*/h/m. The respective values of specific yield for the Drama
aquifer system ranges from 1.2 to 10 m*/h/m. The values of storage coefficient s, transmissivity T and hydraulic
conductivity k have been determined through the evaluation of a considerable number (36) of pumping tests.
One or more piezometers were used in all of the pumping tests. In order to determine the hydraulic param-
eter the following computer programs were used: 1. SATEM, 2, ANALYZE and 3. THEISFIT. SATEM is
based on the Jacob’s modification of the Theis method; meanwhile the other two are based on Theis equation.
THEISFIT program make use of a statistical approach. In Rhodope aquifer system, T ranges from 99 to 8613
m’/day, with a mean value of 35 m%day, k ranges from 16 to 176 m/day, with a mean value of 35 m/day and
storage coefficient s ranges from 1.098x10” to 9.935x107, with a mean value of 2.3x10°. In Drama aquifer system

* ESTIMATION AND EVALUATION OF HYDRAULIC PARAMETERS OF TWO AQUIFER SYSTEMS FORMED IN DIFFERENT
SEDIMENTARY ENVIRONMENTS WITHIN THE RHODOPE MASS

L. Anpoxpiteio Mavemoniuo Opdung, Moivteyvin] Tyoh, Turpe Tokirsdy Mipgavixdy, Topéag Mewrexvisnic Migaviig

2 AE.H Aivon Avyvitixdiv Epevvaiv, Khpudsio extéheonc Memepeuvimsdv "Epywv, 66100 Apapa
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transmissivity ranges from 95 to 492 m®/day, storage coefficient from 3x107 to 4X10™, The values of T and s in
the Rhodope system as determined by using SATEM and ANALYZE are almost identical, meanwhile the re-
spective values determined by using THEISFIT differ considerably from the previous ones. In Drama aquifer
system values of transmissivity and storage coefficient as determined by using the three computer programs
display potential differences among them. The different values can be attributed to the environment of deposi-
tion of aquifers material(e.g characteristics of geometry, aquifer type, lithological and facies patterns, and size
distribution of aquifer material). The small scale heterogeneity in Rhodope aquifer system does not affect the
large scale values of transmissivity and storage coefficient and the aquifer behaves like an almost homogeneous
medium. The Drama aquifer system is characterized by large scale vertical heterogeneity which atfects seriously
the range of transmissivity and storage coefficient values as determined by using different methods. In the last
occasion, it became apparent that often it is extremely difficult to have reliable estimates of the hydraulic param-
eter values, whenever classical methods based on theoretical curves are used. The accurate evaluation of the
hydraulic parameters play an important role in constructing groundwater models (e.g. flow, mass transport or
management models) simulating the behavior of groundwater systems.

AEZEIL KAEIAIA: Ydpuuhixés mapduetool, INUatoyeves TepBdihoy, dORPAoTIRES avIAM|OELS
KEY WORDS: hydraulic parameters, sedimentary environment, pumping tests

1L.EIZAI'QI'H

To TopWOEC, N VOQAUALKY CYWYLHOTITC KUl To HETO ELGOTIAGTNTAS E(VAL OL TO Oepuehundels QuoLrEg
ISLGTNTES TWV TOEWOEHV YEMAOYIXGY VAKMV VIt TNV EXTIUNON TOV ORELETIRGV TAOUUOQPHIEMY KL TOV oubpwy
oong ot topwdn vhwd (Houston and Kasim, 1982). Tevind o idiomnteg Twv TRV VARWY ToadL0pLovTaL
a6 0horINOWUEVA TOOYOAUIaTE Soxddv Epyactolon, Soxripudy TEdIoV %ot exlhuan TOV AVTLOTEOPOU
npophipatog péco puag apBuntinaic neBddov 1wavig va TEOCOROLHOEL TIg optaxég auvinireg mov
yonotpomotovvear atig doxripés mediov. Tmy modEn ouvibog meooeyyCovial TapGUETOOL 6TmE 1) vdpaviin
aywypsme k, 1 petafiactndmra T raw o ouvieheonic vdpoywonuxomrag S. H vdoovhix aywypomra k
glvon pic oto TS Mo onpavTiLéS BT TES EVEg moRWdoVE LALoY, eneldr eAEyyeL TO EuBRG ™S riviong TOV
VEQOU PECK TOV VAIXOU ai eival Y T0 AGyo owtd Bepehiddovs onuaociag yie ™y exihuon Twv TgofAnpdroy
001 TV PEVOTHY. Ot EVEETag HAUARAS DOUPUUOTIHES CVTMOELS UE YEWTONOELS TOQUTIONONS AmOTEAOVY TV
mo amoteheopanizi HEBOdO yia ™Y oMo CEGTLOTOY TGV TOV VOpaUkRMY FUQURTOLOTILWDV TWV
YEMALOYIRWY OYNUATIONGY HEOK TOV OTOIWY Xiveital 1o vrdyelo vepd. To AAQLOLO YL T OWOTY DLEVEQYEL TWV
dorutaotingy avtkioewmy xaw ou pEBodor aElohdynorg Toug divovrol AETTOPEQWS ad Tovg Driscoll (1986) =
Kruseman et. al. (1992). Zmv eoyaoic cunj vtohoyiomxay ot VOQUUAKES TUQAUETOOL HECO TS EXTEAEONS
doripaotindy avrijoewy pe T yorjon melopétomy oe dio vdPo@OPEig oV dnuovoyOnray oe OLOPOOETIRO
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AAEZANAPOYMOAH
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Zyrua 1. Xdomyg pe Tig Ofoeig Tav vadysiwv vépogopwy ovotyudrey s Aerdvys dpduag xar T Tagdxriag
zeproyijc rov N. Podomns.
Figure 1. Map displaying the locations of the Drama aquifer system and coastal Rhodope aquifer system.
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enuatoyeves meptPahhov pe ®owij Spwe Ty TROEREVaNS Tov Vot ™y ogev pdla e Poddme xa mov
gvromitoviat oto mapdxtio Tuijpa N. Poddmne zaw oty hexdvn Apdpag (opjua 1). O opbog vrohoyiopds Tov
VOOUUMHOV THOAUETOWV TOV VITGYELDY VOQOYGOMY cuoTpdTwy Taiet zabogronxnd pého om OUVTUEN HOVTEMDY
SrayelpLong xou GITEQH 0TV %UAGTERY TQOTOUOIWON TWV VIGYEUNY QUOLHMY TLOTHUAT!Y,

2. IZHMATOTENEX ITEPIBAAAON
Iagdxtio tujua tov N, Podomng

Sopy mapdxna eptoy Tov N. Poddmne, mov Poloretar avipeoa oug hipves lopapida o Biotovida,
AITEVTOUY ONUOYTUZOU TIAYOUE CAAOUPLIHES ATODEOELS VI-PELORCUVIATS NAAIUS e CUOTAON ¢t YOVOQOHOAN
vhad, Appove, yohixue wot %poxdhes mov amotédnxav oto ilnuatoyevee wepifdhhov evig drarhadilipevon
wirov motapot (braided river). Ta iCnuatoyevés autd epipdrhov mepiypdpetal Aeatopepoig and tov [Metahd
(1997). Ot dumhaditépevor totapol xaguxmoifoviat amd o oepd afaduy koL onuoaytzoU eVpous TOTAILY
worTav %o qoaypdv (bars). To péyefog Tov ahhoufroxdy vhrey progel va eivol peyaritego v 20 cm o
SuapeToo, ahhd to péoco péyebog rotavéuetar oto medio Tov 2 fmg 64 mm  pe tagvdpnan mov mowriker. Ot
Siamhadilépevor motapol Tagovordtovy (Miall, 1977) vymh] tun Tig oy€ong evpog/Pabog mov Semeova my
T 300, pe aGTopn EMAVI EMQAVELL RO YAUNAES EYROMUBOELS, £V EPPAVICOVTAL TayEmS HETHTOTICSPEVES
»oiteC %an evdorofmot goaypol. To yapuroLoTiHG Toug Elvar 6Tt oL aroBECELS TOLg E(VaL TILO (OVOOOROUKES
a7t6 OmOLOVSTOTE AALO TOTALO THIO pE ®uoLeEy et TS dpplon xaL Tav kporahdy. H yapaxmolotx] etegoyevelt
TV VORUUARGY OLOTITWY EAEYYEL ¥UO(WS T IXOTS HANOHAS TOVAA TWY TEVTHTWY TOU VIGYELOV VEQOU
HEGo TV yemhoyrdv vhrdy. Zro neoifdihov autd 1o wukidpevo goptio vixav (bedload) eivat HEYOAITEQO

@
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Zyijua 2.(a) Avrimgoowmevtixf Tourf yedtonons oty Aexdvny s Apduag. (B). Avrirgoowmevtiag Tour
yedronons oryy aapdxtia megtoxj Tov N, Podomns.
Figure 2.(a) Representative well section from the Drama basin. (b). Representative well section from the Rhodope
coastal area.
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tov 11% tov ouvéhov twv itnpdtwv. H anébeon alhovfiaxdy vimdy mpoxroheitol #uping and m peiwon m
LETCPOOLRTIS IRAVOTTUG, 1] OMOlC [E TN OELOA TG EAEYYETAL Ol TaAYOVIES Glmg 1) ¥Alon %ol To EV¥poC TO!
vdaToppEvpaTog, 1) LElWON TG TUXTTNTAGS QOTS Kol OL AITWAELES TS PONS PEéoo diMbiioemy. AVILTIQOCWITEVTIX
o] yedTEnong oto Wnpatoyeveg autd tepidirov autd divetal oto oyjua 2p.

Hedivo turjua Aexdvye Apduag

2 Aendvn ™me Apdpag T 1Y aTe TV %QUOTEDMY OTA VOTLA TEQLHWOLO TS dNILOVE YOV XaTd TO AVEHTEDC
[Theworawvo ovvbireg evvoinég yua my andfeom hpvainv inpdrov (aofeonmxn hig 1 yritia-paxgooromxo
#OL (WEIS 10T6 Mpvaiol OYNUaTiopol OTOTEAOUUEVOL UG 0QYAVIXG XOTAAOUTO ROl OUYROIRAT Slapépun
npoehevoewv (Melddvng, 1966). Tpdrettar yia éva Tumxd hpvaio nepifdhhov(Picard and High, Jr, 1981) 1
onoilo avartiooetar and 10 Méoo IMhewdravo €wg 1o Ohdrawvo. H eneEepyaoia twv dedopgvav and onpavrc
aptBpd roxropetpndv avakioewv (Tlavihag »aw Kakkégyns, 1997)€deiEe peimon tov peyefoug Tov vhurm
QTG TV TEQUPEQELA TTROG TO KEVTIOIKO TIjpia TG AERGVNG GImg ®ow it otaxdpuen dlafaduion and Aemrdronmne
TTROS MO AdEAHOKKES PATELS atS XATw TEOS Tat Whve. H rataxdpuen cuni Sudratn tov vhxay xaouxmoite
mv avin axohovBia Twv Mpvaiwv aroBéoewy (Visher, 1965). Ta onpaviixon mdyove (Cipata xahimrov
6ho 1o avdmTuypa Tou TEdivou Tuipatoc.

To hpvaio mepifdrhov mg neployiis tepihapPdver xard Tdoa mBavET T TEQLOOGTEQOUS Td £var kiAo
dmpeovpyiag e whijowongs e Apvng. Eniong pépog amd 1o adpopepotepa vMrd 010 avihTtepo oTompo
avanaglotovv m fabuaia petdfoom oe éva tepifdrhov motduov mediov xabdg n Aipvn TAnpovtal pe VARG
To mpdrvmo twv doewv ahhdler enavolapfavipeva mporardvrag paydaleg enavadievBetioeic e
roxropeTortg dafdbuone. Zra mepBdpia e Aiuvns (Wiaitepa oto véTo Turipa g Aexdvng kol Thnoioy
TV Taguepev Tov Mayyaiov xaw Mevoirou eival yopaxmeiotxt 1 andtopn petdfaom and apryde Apvaie ot
ahhovPrard (Oipata onpavixod xdxovg(arlovfiaxd putidia) eEartiag e peyalitepng ouvvitnong mou
ETUXQATNOE OT0 TWpa owTd T Aerdvng. Ou dtio avrol timor tEnpudtwy “ovppdnroval” mhevpixnd. H emxpdmmon
®ard 1o Méoo INhewotéravo tehpatindv ouvBnudy om Aexdvn s AQGIag, EUVOEL TO OYNUCTLONGS 0QYAVIXGY
Wnpdrav (Tipgn-huyvitg) o° 6ho To avdrruypa g xau pe mdyn mov avEdvoviat Babpaic and Ta dvurd mpoc
avatolurd (€wg 160 m), dnuoveydviag to Aryvitxd xoltaopa ™mg Apdpag (Mmpovooiing et.al 1991) xal to
®oltaopa mg Tipgne-Aryvitn Twv Phinnwy avartohxdrepa. Ztoug fopelodunirnolic 1ot HEVIQROUS TOpE(S, oy
oL ovvbhireg dev evvonoay 1o OXNUOTLONG MyVITIRGY OTOOUATWYV, ToQaTnEElTaL otadioxi aiEnom Tov Tdyoug
TV LETTOPEQMHY YOAQUWY HAUTTIREY VMRDV UG PEOGRORMES EWE AERTORONHES GUIOVS HE OVVDETLHG aOPEoTITIRG
vhnrd. H diaduaoia mg andBeons tovg €hafe ydpa ot fpepo nepipdilov andBeonc mov dev diatapdooetal
and xdmowe Textovint dpaomprdtnto xafokn my nepiodo and to Méoo IThelotdnavo éwc to OAdravo,
Avumpocwnevtiny Topr yedtonong oto iknpatoyevég autd mepifdirov divetal oto oyfua 2a.

3. YAPOTEQAOTIKA ETOIXEIA
Yogogopia twv meptoywv

AgmTopeQric TeEQLYEuP TV VIQOYEWAOYHWMY YUQUXTIOLOTIXMY TWV UTGYEWDY VOROQEWY CuTMpdTwy YieTic dio
TEQLOXES Biveton omd Tovg Metehd(1997), Tetodd on Avopovni(1994,) Srapcrrdun w.d. (1992), %o Maviha (1998).

Magdxrio tujua N. Podomng

H vdpogopia tov yovdodrorrmy vhrdv péoa ong anoBEoeis Tov Tpjpatoc avapeoa otig hipves Iopaoida
xau Biotovida gepet “anotunmpgva” o anotehéopata “eAEyyou” oTd (UQUATNOLOTIAE TV VALRGOY TOL Sopotv
10 udEOPGEO cloTN e KCL OTNY VSEUUALT Y WYIUGTTA TOVS TOV povTELoY TG adBeans Tou “Srarhaditopevon”
motapol. Méoa ota xovipononna autd vhind oynuatiCetar €vag moAld onpavurds vdpogdpos opitovrac vid
ieom, 0 omoiog ot fdom Tov ahhd ro Thevrd oploBeteltan s TV TEovoia TS pELoXavic Yrollomodonmg
apylhov. O »ipLog 6yrog Tou amotereiton arrd va xaw ouviiBug H50 %o Tole OTEHUATA CNPAVTLLOT TEXOUE KoL
o vdpavhu emrowmvic petak Tovg. Te pixron vhipana yeparmeiCovrat ad weydhn mowrihic oty vdoovlw
ayoypémre owou Wiaitego pdho mallel N rapovoia diaotavgolpevoy otpdoemy. O yewteioeig diétonoay
vdQOPGEK OTEUIRATA YOV UEYOL %e 90 m. H otamiotuni eneEepyaoia twv Sedopévay 217 yewtofoemy (péoou
paboug 136 m) £dwoe péon ewdu] amddoom wwv yewteroewy 6.3 mY/h/m e medio Tpdv o6 0.28 éwe 33.3 mY/
h/m. Zvo oyijpa 3a epgaviteton o melopetoindg xdoms Tov £toug 1992 (31 Magrtiov) mov faoitetal ota dedopgva
80 yewtoemy pe 1oug #igLovg GEOVES arootpdyylomg xat tpogodooiag. O xAaTe autds povepwvel aElGhoya
vdpavhixd yaponmolotind ahhd vat €va #ufeoTis VTEQERPETAMAEVONG e 0OVITIRES TIHES OF peydho T
™S TEQLOYTIS.
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Zyriua 3.(a) Mebouetoinds ydorne 31™ Magtiov 1992 tov vadyetov vOQOPOPOV TUOTHUATOS TAPAXTIAS
meproyiic N. Podome. (B) Mielouetpixds ydoTns Tov vIdyeion vogogogov OVOTIHATOS TN Aexdvns Adpduag.
Figure 3.(a) Piezometric map of the Rhodope coastal aquifer system (March 1992). (b) Piezometric map of the
quaternary aquifer system of the Drama basin.

Hedive Aendvys Apduag

Tuc Tetaproyevels amofEoeis TS A v AQGUOG TTOU UTEQUELVTOL TWV adLITE QOTV MYVITLRGY OTROUATWV
avanTiooETon Evag EXTETAPEVOS eheifeQog vBPOPGE0S 0PILOVTAG IE REYLOTO TGOS Ta 120 m. H vdpogopia
AVOTTIOOETOL PECU OF LETOHHORN E0G AETTORORUO VKA YOOURTNOLOTIXG TO 1OEUOY nepfarroviog andBeong
mov éhafe ybpa ward 1o Tetaproyevés. H emeEepyaoia tuv avrinurdv dedopévav (TMavikag o Kahhéoymg,
1997) €8wae wxon eWdu] anédoom Tov yewtprioewy (ané 1.2 €éwg 4.9 m¥/h/m). H toyotéunon tov vdpoPoPEn
T0OC TO VOTO TIHat AGyw g maoepPokic S0 PIROWY MyViTiRGY OTEHOEMV dmuovpyel dvo vdpoydpovg
opitovieg MEIOQLONEVNS Extaong ot ouvbiixeg pepirag vl mieom. O melopetonds ydome(oyina 3p)mov
Baoitetar ota dedopéva 94 yewTorioewy QuveQMVEL 6Tt 0 VEEOPAEOg opifovrag mapovoidlel arTtvmn] oot
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HE OUYZAIVOUOES %ol UTORAIVOVOES YOUIUES DOT|S Ol [E CUTOOTATELS TV LOOTUECOUETOLAMY HAPTUADY VoL
avEdvouy Toog ToL oA TUHOT TS TEOEOUS.

H mhevoinn To0qodooit TV ®aQOTIXMV VEQUIV OV GUVTEAETHL 0TO VOTIO TUNuo ™S AeRdvng (mapugec
opgwv TMayyaiov zaw Mevoixiov) néoo Tov akhovfuaray puudinv, dnpuovpeyoty onpaves vdoogooia (5 éne
10 m*h/m) weotooopévng Spung éxtaoms Adym mg Thevourric OUERAPTS HE ToL OUTEQUTA MY VITIRG OTOMIOTH
me neduddag mg Apdpag. O vdogoeéas oo Tl autd Tapovotdlel wrE eWdi addoon axd 0.7 fug 1.2
m'/h/m Stav peTaTinTEL 08 ATECLOVE £EaTIUG TS TUQOVOTUS TV AYVITIRGY OTRWRAET!Y,

AORIUAOTIRES UVTANOELS

O ovvieheonic evamothizevong S pall pe m petafiaotiomra T o mv vdoavhuai ayayényra k, eiva
OL TEELS TUPGUETYOL TWY OTOIWY TEOCOLOPIOTNXaY 0L TIRES péoo g eneEepyaoiag dedousvmv and ONUOVTLIHO
apBpd dorpaonixmy avihijoeov. O tpég autés yonotpomonidnxay yut 1o AUQUATNOWOUO TS VOPUUALAYS
OUPTTEQLPOQOAS TwY vOp0@OemY 00tldvImV oTig duo mepLoxés épevvac. O VTOAOYIONGS TWV VOPAVMKGV
TOUQUPETOWV YLet TO T et avdpeoa otig Mpves Topapida non Buotmvida, faaiothze oty alromoinom dedopévmy
a6 20 SorPaoTIRES avTAOEIE pE T oNoLpoTomon yewtpioewy tapanijonons. Ta TOWTOYEVT] OTOLKEIC QUTOHV
Orwg agoyn dvrinong O, didpxeia dviinong ¢, andotaon metopéroou r vabic xa to UTOTEAEOUUTH TNS
emeEepyaoiag Tovg divovrar otov Mivoma 1.

[ T hexndvn mg Apduag yonotomonidnzay 16 yewtoroeig xar 36 metdpeton wov HUTCOREVAOTI ROV OTO
mhaioto mooyoduparog mg A.EH (TMavihag 1998). Te na@be yedronon RUTUOREVAOTN AV OVO €5 TEOOEQX
dogupopind meldperoa. H dudtatn tov melopétomy za arxéotao tovg ®aboplomxe pe fdaon 1o
vdgortBohoyind yuourmEoTikd Tnv VéOPSpWY aTpwpdtmy. H didratn tomv pritpoomiijvoy xat 1o fabog Twv
meCopTowy ritay dia pe ovni T yewtoijoswy. Oles ou yewtorioeis Bemoinray mhjpelg xabog hurépaoay
T0 oTEYaVS ddmedo Tov vdgogopiéa. Ta amotehéouata Mg eneEeQyaolag TwY avTANTIGY dedopévav divovral
otov [Tivaxa 2.

4. AEIOAOTHEH TON AIIOTEAEEMATQN

Tl My avahvon Tov anoteheopdTov 1OV avtMioeny Twv Suo TEQLOYMV [e T Yoron TeldueTomY %ot Tov

vmohoyiond tov taoupétonv T xau S yonoomoniBnxay tole mooyodpupara H/Y:

1. To mpoyeaupa H/'Y SATEM (Boonstra, 1994) xou idwaiteoa v vogovtiva JACOB mov BaciCetar omy
Toonomomuévn and tovg Cooper and Jacob (1946) uéfodo tov Theis (1935). H AVALLON JE TO TOOYQUUUCL
JACOB BaoiCetat pévo oto evbiyoaupo Tujie mg vapmiing yodvou/mrdong otddune ot n epaouoy Tov
eSaptdral amd My mapovoia 1j wy avtot Tov evBiyoappou Tuipatoc. H uébodog avni diénetan oo
TEQLOQLOTLXOUS GQOVE GImg: @) 1) avTAOTUEVY] YEDTONO dlamepvd Gho To dxog Tou vdpoopEn ®at f) o
¥OOVOG Avrinong eivon enapxis Wote £va vBiyoauo THA VO EVOUL 00aT6 0TNY Repmihn o6vou/mrmong
ordBung. H 6hn dwadieaoia zaw or vroBéoeg ot onoieg PaoiCerar divovrar avatvmixd and tov Boonstra
(1994) ovo ®e@dahaio 4.

2. To mooypappae H.Y. ANALYSE (Clarke, 1988,) to onoio faoiletar oty eEiomon tov Theis (1935) #ew o
UTOAOYLONGS TOV TUQUUETOOV YIVETOL PEOW YOUUILLS CVOYETIONS TOU EMAEYHEVOL TIIHUTOS TOU
nuhoyaoBuxol diaypdppatog yodvov/rtdong otddume.

3. Humogovtiva vov ANALYSE H/Y THEISFIT, (McElwee, 1980) mov emroénet tov uohoytopd tov T xaw S
IE TO uzOTEQO dUVATE Ofpdhiuc (root square error), omoELLouevo oty sahiteon ovprrwon (fit) oranotind
(neTd am6 ovveyeic emavaliyels) wag xapmiing Torov Theis pe To emheypévo uijpa e ROPTUANG TV
TOAYUOTRWV LETOHOEMY YOGVOU/mrdons atdiune.

Ta dvo tedevtain mpoyoduuara Tageyouy ) duvatdmra eEalpeone TV exT6c TwY o0plwv onueinv.
Ta arotehéopara mov mEOErVPav and ™Y EQAOpOYT] TwV AVOTEQW TEOYQUUPATWV Epgavifovial otovg

Mivaxeg 1 xou 2. Zuyrpivovrag Tig ipds tov T ®ow S mpoxrvinrowy ta TUQUHAT:

1) T my mepuoy petall Ty huvay Topaoida xow Biotavide ot tipée T xa S and to mooypdppara JACOB
w ANALYZE oyeddv tavtiCovran 1 eivan tapomhijotes. Mie onpavriz Slapopomomon apaosital oTig
peg T xan S mwov mpogxmpay amd to modyoapne THEISFIT. O tipéc tov T elvan ouviBwg puREGTERES o’
0T oTa OU0 TEONYOUNEVE TOOYQAUNATH, EVEH OF OQLOPEVES TEQITTMOELS TAUQOVOLALETaL Hat P
drapoponomon ws moog ™y TdEn peyéBous tov S. Tevixd Ha TOEMEL va avagepbel Gt évag apBuds oo
awtieg (Boonstra, 1989) ouvvtehel wote o1 ropmikeg yodvou-mrdiong otddune va amoxhivovy and g1l
Ozwonmuzés. H emaguis yvion emopgvig tov yemhoyxav ouvbnzdy ot Béon mc donpaotiig dvrknong
eiven Cotuaig onpaoiag yia my 0001 avdivon Twv mingogooidv. Ewdixéreoa omy meploy n T rupaivetol
a6 99 € 8613 m?/day, pe péon i 1884 m¥day. H K zopaiveton axé 16 éwg 176 m/day, eve 1 uéon wyoi
¢ eivon 35 m¥/day. H vdpogopia mg mepioxis yaoaxmoiteta ovpguva we ™y Tagvéunon tov U.S. Bu-
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reau of Reclamation (1977) and peydhn vdpomepurdmra (tipéc 10°<K<107). Ot tipnée g
petapifaonzdmras T tov vdpogdpov cvonijpatos eival peyaritepes e twig 0.015 m?/sec nat
yeourmoiCovy otpgova pe tov Kalhéoym(1986) rahoic vdoo@poous mov TOoa@e QoVIUL it EXPETALEVOT).
OvTipég tov ovvieheon] vdpoywonTdmrag S #upaivovra o 1.098°107 émg 9.9357107, pe péon i 2.3710
%, Aedopévor 6t o1 TUmRES TIHES TOV OUVTEAEOTI] UdPOYWENTIRGTTAG S EVaL YL TOUS VAG TEON UVBROPOPEIS
(Driscoll, 1986) amtd 107 éwg 107, eivan qaveod 6t 1) vdgogopia £dd GO0V a@opd Tov S yapaxtneileta and
TUHES TOV TEOOEYYICOUY TOL avidTepa Gota Tov stediov cuvtov. Ta otouyela avrd €oxoviat va emfefaidoovy
TCL CUPTEQAOUTA TTOV CVAPEQOVTOL 0T VOQUUAKA YUOUATIOLOTURG TOV VOQOPOREWMVY TNS TEQLOYNS KLt TC
OMOLM TOOERMPUY CITO TH HEAETI) TNC VOQOYNUELNS TWV VIOYELOV VEQUWV ((UQUATNOLOTIKY) RATUVOWY TS
NhERTOUIE ay@YLETTOC %an To Si0,).ta IENUOTOAOYIAG UQOATIOOTING TMV VALXGV ToV pLhoEevolv Ty
UdQOEOOIN 7Ll TLS PUHOOYOOVES TUPATNENOELS TS Topeiag e meCopeTorc ardbune (Metahag, 1997).

Hivaxas 1. Tyugs Tov vipaviizay zapaustoov T xai s oty mapdxtia meptoyj tov N. Podomnyg peralv tov A.
Topagidag xar Biotwvidag mov mposxvyav ue T yorjon toidv mpoypauudroy HIY.
Table 1. Values of hydraulic parameters T and S in the coastal Rhodope area between Lakes Vistonis and
Ismaris, estimated by using three different computer programs.

Ar | Tiscob | Tois | Trneisrit | Suacod Stheis | Stheis-Fit_|Q (m¥day)| t(min) | r(m) | opéiua
P203 2411] 2426 1746] 5+10° | 4.72*10° | 7.45*10° 1920] 1980 349.3  0.004
P571 433 433| 429 9.8+10* | 1.184*10° | 1.03*10° 1357 180 13.5|  0.038
P431 1578] 1582 1532] 29107 | 3.0710° | 3.28"10° 840, 700 19.2]  0.034
P138 116 116 62 1.3"10* | 1.28"10° | 1.92"10% 1680 450 322.0]  0.027
P241 5517|  5516| 4303] 2+10° | 1.85*10° | 2.86*10° 1920] 420 3345  0.002
P115 3087]  3087| 22520 1.9*10° | 1.65*10° | 2.65*10° 3216| 480 363.5  0.003
P104 452 452| 450 3*10° | 3.7*10° | 2.87*10° 2160| g20 12.4]  0.049
P95 99 99 86| 8.9*10° | 8.61*10° | 1.14"M0° 2016 347 19.3]  0.047
P178 271 271 240] 23*10° | 2.08*10° | 3.43'10° 1680 900 20.0] 0.003
Po7 1604 1603 984 4.9'10° | 4.68*10° | 7.15*10° 2148 480 187.4]  0.004
P579 231 229 139 7.9*10° | 7.04*10° | 1.29*10¢ 2016) 390 389.6|  0.019
P99 8615 8613 7342 1.5'10° | 1.16*10° [ 1.98*10° 292§l 480 437.00  0.002
P126 652 6728| 3845 1.9*10° | 1.16"10° | 3.52"10° 2898 570 433.0 0.005
P254 213.7 214| 202| 9.1*10° | 8.57*10° | 10.69*10 1984] 420 16.5| _ 0.041
P432 2017  2010] 1086 1.2*10° | 1.20*10° | 1.71*10° 1080 420 431.00  0.002
P194 1389 1394 640 4.9"10* | 3.88*10* | 7.93'10% 6780 480 480.0,  0.007
P392 1890]  1890] 1469 g.2*10* | 7.14*10° | 1.19"10° 2160 490 327.0|  0.005
P228 130]  130] 119 s.6*10* | 4.9310° | 7.36*10" 1440 300 19.2]  0.001
P273 293 293 139‘ 1.8*10* | 1.94%10* | 3%10* 2580 480 47300  0.025
P307 1043 1043 707] 1.3*10* | 1.08*10* | 2.20*10* 936] 300 400.0]  0.003

2) T tov vBPOPOREX TWV TETUETOYEVHY aobEoewy TG Aerdvne Apduag Tapatnootje 6t ot Tpég Tav T nat
S mow RO XMy ATt Ta Toin TEoYedupaTa TREOLoLGLoVY 08 ®AOE TELOUETOO ONUAVTIIROTATES AITOXAOELS,
MixpOTEQES CTOKAOELS TOEOVOLGLOVY OL YEWTOHOELS 0T 0L TN TEQLOYNS OL OTOLES EvIomiLovialL OF
TRaTe ToU VOROGOEEN mTov dopolvial and mo adpdrxrora vhxd. Ol ToEIC diupopeTireég pEbodoL o
yonowporoninxay 8 yio TOV VTOROYLOUGS TWV VIDUUMRAY TUQUUETOWY EdMOMY Rl DLUPOPETIRES TULES 1)
#AOe pLo. Avtd €oyeTan 08 CUPQOVIa e Ty avagopd v Freeze xat Cherry (1979), meol mg jn) povadirémrag
NS EQUNVETHS TWV DORLUAOTIAWDY avTAoEwY, SLOTL TOAES (POOES 1) TAUTLON TNG TELQUUATIATG HOPTUANG HE
™ Bewonuxry dev ompaivel 6Tl 0 VHPOQAPOS EXTANEHIVEL TIS TpoUTODETELS OTIg omoieg PaoiCetal 1) xdoasn
™mE MOGTLUANG RAUTUANGS. Ol AMOXAIGELS TOV TIRWY TV TUOARETOWY OTO XEVIOIXO T g Tediddag Apdpag
avEdavouv pe 1 peimon tov peyéfove twv vArdy Tov vdpogdowy otowpdrwy. O TIHES TNE
HETaBLPaOTIAGTNTAS OTO HEVTOUAO TIHG ™S AexdvNg AapBdver yapnAés Tipnés T and 95 €mg 172 m?/day ov
ATOdIDOVICL 0TV EMHEATNON LEXTOPEDWY VAXGY. O cuvieheotig VOQOYWENTIROTTAS S XUPAIVETUL CTd
1.4x107 éwc 4x107. Yymhdrepeg npéc me T mov xupaivovral and 173 éog 492 m?/day ropatmpotiviar ota
mepBp g herdvng. O ovvieheonic vdpoywonTiwdmrag S oto (Lo Tpjpa Tov VéOEoPEn RUNAIVETHL
amé 3x107 éwe 3.0x 107 rpéc o1 omoieg elvan oagpdc MYMAOTEQES QTG CUTES TOU REVIQIXOU TWIHATOS TG
Aexdvng. H atEnon auvni tov iipdy ovvOogetar e T avEavopeve mdyn Tmv VOQOTEQUTOY OYNILATIONGMY TNV
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mepLoy auT ahhd ot e TV aiEnom g Tapovoing mo adpérorrmy vhRmY. O 1OpOPEPOg OV VTGHELTH
TV aOTEQUOTMY MYVITIROV OTOWUATOV AL TEQLOQILETOL OTO VOTIO THjpa TS Aexrdvng AapPaver TLueg
petafipaotxomrag T and 26 ¢og 95 mY/day »ar tpég ovvieheoni evamobrixevon s and 1x10™ g 1x10°
v TeQ(nTWON TV EXAAAA®Y VOQOPOOWY OTEWRATMY Ol TLUES TV VOPUVALKMV TUQUUETOWY TN
rapfavouie omd TG SORIPUOTIXES AVTAOELS EIVOL O LECES TLUES TOU OUYREXQIUEVOL TUIIOTOS TOU UOPOPEROT
CUOTIHOTOS %ot OL Ot LOW(TEPES EXEIVES TUUES OV YupoxmEilovy 10 ®dbe vOPOYOEO OTEWINA.

Hivaxag 2. Tiués rov vipaviixdy mapaustowv T xal s Tov TeTaproyevors vdpogopca g Aexdvns Agpduag omw;
vaoloyiotyxay pe ) yoron oy apoypauudrov HIY.
Table 2. Values of hydraulic parameters T and s in the Drama quaternary aquifer system, estimated by using
three different computer programs.

A/T Taacob Trheis | Trheis-rit | Sagacob Stheis | Stheis-ric |Q@(m*/day) [t (min) [ x(m)
Nla 251 950[ 1.4*1072 7.5%107° 1584 3360 25.0
mip 251 259 2.0%*10°° 1.4*%107 1584 3360 43.0
N2« 138 156| 2.4*10°° 2.0*10° 1560 3420 25.0
n2p 311 216| 4.3%107° 2.8%10°" 1560 3420 37.5
N5« 415 328| 3.0*%107° 2.2%107" 4608 2400 18.0
nsp 467 337 2.9*10° 3.9%107} 4608 2400 25.0
10« 190 173 320 7.3*107 1.3*1073 1008 2760 11.0
niop 130 173 117| 1.1*107°] 2.7+#10°| 1.2*%10° 1008 2760 23.0
Olla 449 311| 5.6%107° 1.3%*107 696 3120 25.0
oily 181 6.1*%107" 696 3120 60.7
012a 216 199 173| 1.1%#107 1.5%107| 1.7%10° 1560 3000 43.4
nida 138 216 199 1.6*107° 8.9*107%| 1.2*10°° 1440 4440 28.0
n14p 251 233 156| 2.3*109| 1.1*107] 1.5%10° 1440 4440 24.3
nidy 173 259| 3.0*107° 6.7*10°* 1440 4440 73.0
ni5p 173 251 9.6*107°| 6.3*107° 528 1320 24.0
o15y 285 173 164| 6.4*107° 8.0*107°| 7.4*10°° 528 1320 51.8
016« 95 95 95| 6.3*107%| 3.3%10°| 4.2*10°° 1224 2100/ 31.06
niep 328 259 302| 3.1%107% 3.4*107°| 3.4*107 1224 2100 25.7
niey 276 242 259 5.3*107°| 4.3*107° 5.4*107° 1224 2100 47.4
n1l7a 207 458 207 1.7*107%| 4.6*107° 1.5*107° 1560 4260 43.0
ni7p 458 242 207| 1.6*107% 7.1%107°| 8.0%10° 1560 4260 32.0
ni7y 112 104 112| 2.8*107% 2.7*107% 2.3*107* 1560 4260 63.0
nisa 752 354 553| 3.0%*1077 B8.1*1072 6.7%1072 1440 1680 32.2
nisp 346 302 233| 4.2%107%| 3.5*107% 3.5%107° 1440 1680 22.0
nisy 760 760 1.0%107% 8.7*1073 1440 1680 45.3
019« 95 65 24| 2.0*107% 1.8*107 3.0*107° 576 960 33.2
ni9g 138 48 66| 6.4*107°| 7.5*107° 7.9*107° 576 960 28.1
ni9y 86 38 32| 5.3*10| 5.5*107| 5.6*10° 576 960| 32.15
n225 156 147 173[ 2.0%107| 1.1*107°| 2.2*10° 2040 2736| 45.98
n22y 156 164 1.1*107° 1.2%107° 2040 2736 44.82
n22p 259 380 501| 2.3*107%| 2.0*107% 1.0*10°* 2040 2736 45.62
n22a 207 432| 6.7*107" 2.0%107° 2040 2736 950.0
n23« 86 95 86| 1.2%10 1.2%107°| 1.3*10° 996 2730 27.0
n24u 79 95 82| 1.1*107% 9.4*107% 2.0*10°° 1560 2820 49.3
n25« 1123 950| 1.5%10) 3.0%10 ) 2440 3060| 52.72
n2s5g 562 596/ 6.5%10°° 2.0%107° 2440 3060/ 53.42
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5. LYMIIEPALMATA

O TiES TWV VOQUUARIV TOQAUETOWY TTE VOPOPOQH CLOTHRAUTA, TV TapdxTia teploy] Tov N, Poddang
avdapeoa ot hipvee Topapida xar Biotovida xat om kexdvn mg Apdpag mapovaitdfovy émmg avrd
vrohoylomxay pe TS TOELS dagpopetineés pefddous Ta arndhovba xapaurTNOLoTIAA:

1 Ydoogdpo ovomua N. Poddnng - Or g tov T #aw S mov faoiCovron pébodo tou Jacob xat omv eElowon
tov Theis oyedOV TowtiCovral 1 eival Tapumhoteg. Mio oMpavTid] S1aqpopoToinoT TUQUTNQETHL 0TI TIHES
T »au S mov mpoéxvpav ad to mpdyoappe THEISFIT. Ot tpég tov T eivan ovviiog puxpotepeg an’ 6t
oTIg dUO TEONYOUHEVES TEQUTTWOELS, EVH) PEQLHES (PORES MAPOVOLATETUL Kl Jiat SlagopoTomom wg Teog
™V tdEn peyébous tou S.

Ydpo@opo ovompa kexndvns ™me Apdpag: Ou tipég Tov T ®at S mov Teofxmpay e ™ 0o TV TRV
nefGdLY TepovoLALouy UaVTIXGTUTES ATORAIOELS. Ol URQOTEQES UMOKRAIDELS TUOUTNQOUVTUL OE YEWTONOELS
Ot GO TG TTEQLOYNS #aL OL PEYHATTEQES UE YEWTONOELS TOV REVIPLLOU TUHATOS TS AERAVNC.

O dragopeTinée T e petapipaonrémrag T (vymhidtepeg oto N. Poddmg) mov mapovoidlovy ta duo
vhpogdpa ovonjpata Bu toénel va arodoboiv oto mepfdihov iknuatoyéveons ot mo ovyrexowéva: 1. ota
FUQURTOLOTIXG TG YEWRETOIRS TV OU0 CLUOTIGTWY %L OTOV THI0 TS vOROgoEiaS, 2. 0T péyebog TS duapétooy
TOV VAV %0 0TV £ATAVo ] TOUG 0T0 @00, ZT0 meptfdhhov Tov daxhadilGpe vor ToTapom, €Xovpe emtmpdmon
10V adpororrmV VAR, eva oty TedLada g ApGpaS ®UELUEOUV Ol RETTORORRES QPAoEeLg, 3. ota Mbohoyind
TOGTUTCL RawL 0T TOOTUTA TV DLaPARWY PATEWY oV GuvBETOLY T0 drepopeTind Inpatoyeveg meppdiiov.

210 vdpogdoo oiome tov N. Pod6mmg 1) Eviovy ETEQOYEVELX TWV VAMKGV Ot juxp1] »hinoxa dev emmpedlet
dteitep T SLEHBPOVOT TOV TIHGOY TOV VORUVMKGV THOUUETOWOV 08 Peydin #hipaxa. 1o vdgopépo ovoto
g Apdpag 1) ETEQOYEVELL EPQUVITETUL 08 peydin »hipomxa KU RUTE TNV RUTARGOVEO EVVOLL ®aL ETNQEGLEL,
1600 TV epunVvela v dla@dpny HeBGdWY TOV YLONCLPOTOLOTVTUL Yiet TNV TPOCEYYLON TwV VODAUALRWV
TUPUPETOWVY 600 ®a ovn xaboun] Ty arddon) Tou VOPOPGEOY CUOTROTOS(TEQLOPLOUEVHS OUVAIKOTNTAL).

1a R ovOpGHHORA KL, Grtmg oty mepimtmon Tou N. Poddmmg, 0 vohoylopdg Twv udouulkiy TuQauETomy
e T xorjon dapopetinav peBdduv, tapovaldiel EAAYIOTES UTORAIDELS OTIS TIPES, O aviibeon pe o medvd
T TS Aerdvng APGROS GOV TREATNOOTVINL CHUUVTIRES ATOXAIOELS TOU OYETICOVIOL PE TV TaQovoia
hemTopEQMV VMRV %o 1) dtdtaEr Tovg oto avdmmuypd Tov vdpopoREn. Ty TeAevTain TEQITTWOT dLUgaiveTal
%o 1) duoroha exTiunoNg aEWGMOTOV TGV TWY VOPUVAADV TOQUUETOMY GTOV YONOLHOTOU BNRAY HAGOILES
péBodot wov PaciCovrar ot yorjon medtummy Bemontixdy kapmuhdv. To duupopetid inpatoyeves teppdahhov,
andpn ®ou otav 1 Ty To€hevons Tou vkixot eival xowr, Tallel xaBooloTHe ok 0Ty SLapPGREWOT TOV
TV TOV Stagdpmy vdpavhiriv Tapapétowy. O aEemioTog VTOLOYIOUGS TV VOQUUARMY TUQUUETOWY EIVOL
IOLOTEQC ONUOVTIRGS 0T CUVTIUEN TV SLa@OomV LOVIEADV (.Y, QOTS, HETUPOOAES QUIUNVTHV 1] OLCYELQLOTLRGV)
OV TTQOCOUOLEHVOLY T CUUTEQLPOA TV UTGYELWY BE0POpMY CUOTIAT!YV,

o
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AIEPEYNHIH AYNATOTHTAX EPAPMOI'HE TEXNHTOY EMIIAOYTIEMOY TQN
YAPO®OPEQN IIEAINGN TMHMATON TOY N. POAOITHE XTH ©PAKH.
MIA ITPQTH ITPOXEITIZH

@. TIATAKAX, I. AIAMANTHE, X. IIETAAAZL', L. [TANIAAL’

IZYNOWH

H epyaoic aoyoheiton e ) pelém) nan oEoAGYNo1 GAWY TwV OTOLLEIWY TOV TPORVATOVY (TG TIG EQEVVITL-
%fc £0Yaoleg OV #olBMXAY WS CTEUITNTES Yot TNV XaTayjy OIEQENVNON TS OUVATOTNTAS EQUOROYIS TEXVY-
10U ephovTiopon omig TEdWES TEQLoxES Svhayavic — Tugoou xar [Mowtdrov — Apiofng Tov N. Poddmg. Ot
goyaoies, Yo wdbe Teowoy, TeoLEafay oxETIA YEwhoyu] 2ol YEOQUOWY £0EUVa, HETENOELS TS peTafolig
™ME OTAOUNG EMAEYHEVOV YEWTONOEMY TUOUROMOUONONG, HETOHOELS THE NAERTOUYWYUOTITAS TWV UTGYELDY
VEQIY G #ewt TO OYEDLUONS eLOPETOIRIIV FUQTHY ROTH TUXTA Y0oVIXd daoTipara. A0 TV EQEVVE TQOKT-
TTEL 1] EXTIUNON THE GdUVARIGS EQUONOYNS CTOTEAEOUATIXOT TEXYNTOU EUTAOVTIONON OTNY TOWTI TEQLOYY, EVE
10 PORELO e TS TaALAS %olTNg Tov PAOVEOTGTUOV, 0T OEVTEQT) TEQLOYY, TOOOPEQETAL YLOL TNV EQPUONOY
RoTdnhmy peBGdwY TEYYNTON ERTAOVTLOROU HE EVEQYETIA (TG VOQOYEWAOYLHI] ATOYN ATOTEAETHUATA YIet TO
E0EUVOUMEVO TR0 CAAG %Ot YLOL TV EVOUTEDTY] TEQLOY.

ABSTRACT

This paper deals with the study and evaluation of the results of the research works considered as necessary in
studying the feasibility of artificial recharge application to Rhodopi plain areas Xylagani — Imeros and Protato -
Arisvi, in Thrace. These works concluded for each area a relevant geological and geophysical research, measur-
ing of the fluctuation levels of the monitoring wells, measuring of the groundwater electrical conductivity and
the draw of piezometric maps. At the Xylagani — Imeros plain area, the regional groundwater potential ensures
adequately irrigation consumption during a typical hydrological year but under overpumping conditions. The
groundwater quality of the shallow aquifers, south of Imeros, is affected directly by seawater, while the deep
aquifers northerly are also affected gradually by seawater. The evaluation and careful studying of all the relevant
data, analysis, measurements and maps as also the focusing particularly in the extensive presence of clay re-
sulted in finding out the ineffectiveness of probable artificial recharge application by augmenting Lissos river
flow or by reactivating the old east stream bed — ditch of Lissos river at the study arca. At the Protato — Arisvi
plain area after studying and evaluating the relevant research results it was concluded that a controlled reactiva-
tion of the north section of the old stream bed of Flouropotamos as it is extended nowadays after the interven-
tions of the past decades at the study region, in combination with some other interventions discussed in the
paper, can positively and substantially result in hydrogeological beneficial effects for the study area and the
surrounding region.

AEZEIEL KAEIAIA: Awye(0101 LIGYELDV VEQWV, UTEDEXUETAAAEVON UTGYELDY VEQWV, VEUAUTOLVOT), OLEQEVVION
EQUONOYNS TEXVITOU £UTAOUTIONOT UOQOPEOMmY.
KEY WORDS: Groundwater management, overexploitation, salinization, artificial recharge research.

1. TENIKA

H eoyaola diepeuvd ) duvordmra egaopoyig TexviTou epmhovtiopot ot dto oyetind puxod arhovfiand
media oto NA tipa tov vopou Poddmme, o medivd tunjpara Evkayawic — Ipepov #at IMowtdrov — Apiofing
(03 1), TeL 0TOieL (TG RATOLES CEYIRES TAQUTNONOELS PAVIKE VUL TROOPEQOVTAL YICL TETOLES EQappoYES. H ovh-

* FEASIBILITY STUDY OF ARTIFICIAL RECHARGE APPLICATION TO RHODOPI PLAIN AREAS AQUIFERS IN THRACE,

GREECE. A FIRST APPROACH.
1. Anpoxgitero Tavemomiuo Godxng, Mohvrexvin] Zxohi, Tipe Mokmwdy Myyavizav, Topéag Femreyvinns Migavieg, 67100 Zdvin.
2. A.EH. Atevfuvon Avpvimzdy Egevvov, Klpamo Extéheong Femepevvruxoy "Epywv, 66100 Apdpuae.
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ROy e HEAETN GAWV TOV OTOLYEIDV IS %Ol 1) EXRTELEON TWV (TTAQUITI TV EQEVVI|TIRMY EQYAOLOYV EYLVAY OTO
mhaioto exnévnong epeuvnTiol mpoyoduuatog and 1o Eoyaonjoo Teyviuic Fewhoyiag mg Moivteyvinic
yohic Tov AJLO., og ovvepyaoia pe o Eoyaonjolo Ydpavixay "Egywy, yia hoyaoiaops tov Ymoveyeiov
ewoylog pe Ofpua ) pehém 1exvnTol gpthovtiopol vdpogopemv Zdving — Podémmc(Zaxrdc et al., 1998).

H mepioyi Sviayavic = Tucoov (oy. 1, mepuop] 1) exteiveton peTaEl Tov TOTapot AlCOoU %ot Twv duTiHey
#OUOTEdWV TOU Gpovs Topaov, ve To VOTLo TjjLe Tov ouvopevel e T Bdhaood. Ot vdEOPoPE(S TOV OEYO-
VIO TOQOS0O(H (It TOV TUOUHEHEVO TTOTURG Alooo waw v opewv Covn Tov “Topagov. Metd Tyv aveputn
pabiidy yewtorioewy, m 10etice Tov "80, Pabovg 60-80 m, Aéya mg un wavoroinong mhéov Tmv apdevTirmy
QVOYROY a6 TIC VA ovoes afabeic YEwTeoELs, TapormEBKE 1) ELEEVION TOU QUIVOHEVOD THE VPaAITQIV-
ONC TV LITGYELOV VEQUY, OV 306VO [te TO ¥pdvo evreivetal, H xipta autic vitav 1) efoodog g Odiacoug péoa
amd ™V %ol Tov otapot AlCCOU  0F CUVOVCGHG PE TIC HEYARES CVTMOELS oL TU Yopnhd VPOUETON TG
TEQLOYNS.

eotoyj Homrdrov — Aolofne (oy. 1, meowoy] 2) evromiCetar oto medvo T tov Ghovpomotapon (#Ad-
dov Tov Afooov), o omoiog mow ™Y eXEPPaon oTo VIPOYEUEIKG DIXTVO TG EVPUTERYC TEQLOYNG TN OEXRUETIH
tou 60, Stéoyite e peydin éxtaon. Metd Tyv enépufaon o ZeVIpLog yelpuppog eyriforiomre wal evbuyoup-
piotnxe xaw Aiyo oy 10 MwTATo EXTRAINH®E (s TV Tkt TOV dtadgop O VEU dradpopy foperc Tov Aoga-
IOV, WTORGITOVTAS £VOL ONUAVTIXG TINJIA TG TUALGAS KOS, 1] OTOI0 SP0Ig CROUO 1Ol OUEQM TTUQUUEVEL OTNY
aoyn e ratdotaon (dev vadeyouy rataranioetg). H véa woitn €xeL SLavouyTel, 08 €va ONUAVILO [NjX0g TS,
HECQ OTO TOAMLOYEVES TNS TEELOYIS (VA TOA pxOY|S TEQUIGTNTAL), £V VPOUETOLAG 1) VEQ ®olT foloneTal
mo yapnhd andé my mehid (oy. 2) %o €101 TPO@OdOTEL Ta VOPOPARE HEXOL #ATOLO TUYKEXOIUEVO P0G ROt
pdhiota Gtay 1 otddun Tov Totapon efval Ynid, evid 0f youunhés otdbpeg advvarel. To vadhouto Tjua Tou
VOPOWOOEN CUUTANOMVETL (IO XATELGDVOELS TS PoOYNE.

2. TEQAOTIKO KAI TEQMOP®OAOI'TKO ITEPIBAAAON - KAAAIEPI'EIEE

OL TEQLOYES YEWAOYIAG AVIJXOUY OTO OVaTOMAO TINja VS amtd To Tortoyevt] fubiopara (fibiopa Buotwyvi-
daeg) ™e Podomniic pdlagc. Xapouramolotze me Mg meplopis eival 1 €vrov) Textovint doaomoidmTo Tou
FepeRBGVTOC [e TV TaEovoia Miueo oNypdtoy. Fewhoyind vrdfabdoo arotehoiv T ohaioyevii jpore mg
Podomiic pdtag. IMdave arxd avtd evioriovral or anodéoels, mov yuparteitovra wg dhoufLanrés (xepoul-
£C) WTODECELS HORAIVOTADV £0OS APPOTYOV COYIAOV, e MAOTUETA UOPEOTITIRG OUYHOIMOTA ZOL HE AOPECTITL-
®oug 0pitoveg prpot dyovs. Eival amoBéoeig ouvertings €me mohl ouvexTizeés e aofeotnnn €ng opyihng
ouyroklnua] A ®ow To Tdyog Toug rupaivetar ouviifmg petadl 50 wow 80 m eva) 10 peyaliteQo mAY0g TOVS
TOEATEETAL oV TEOLOY] Zvhayawviic — Tpepou.

O1 epLoyEc £pguvag eVIomiCovial ¢° £va OUVoAo TGOQPUTMY LNIATOV, TOU EXTIHOVIAL OF HWEYLOTO TAY0S
HExoL 15 m zou meogrupay ®uoing and Tig anobiosis Tou ToTapot Aloov ko Twv drupépny #hddwv Tov. Ta
ihipata autd mov £xouy wg vroaboo omy pev oWt TeELoy)| anevbelng To Tohatoyevr, evd oty devteon)
TEQLOYY KVOIOS TIS TAELOTORUVIXES ATODECELS, WTOTEAOUVTOL ONG EVUAAGYES OTOWOEMY GUpOL, aEYhwV %o
tAUOS e TEQLODLOPEVY GG OvATTUEY).

H repropi Zvhayavic - Tpepou amotehel medvo Tinjpc e 1\ poe@oroyic ue LTEQ LUUnAd VpopE-
toc. To medvd Tujpuce, POQELR TV TUOAXTIOV UXUAMEQYNTWY EXTACEMY, ONUEQU “aAMEQYEITOL OYEdOV OTO
TUVOLG Tov e wiow Rauhhépyern To Poufdxt (teoimov 95% )xan ta tevtia. H meprox Towtdrov — Agiopng
givan opahn pe moht uxogég »hloeig. TMepifdiretan amd Eva LogOES avayhugo, Lo, He YapnAd yevird vpc-
petoa (<100 m). To vdpoypagLxd dixTvo g TEOLON|S CmoTEAET PEEOS TOL drvTiow Tov Alooou ToTapol. Zng
medvEC exTAoEIC TS TepLoYS foeuvas ®abuc ®at oTig hogadeLs mov Tig mEQIPAihovy ofjepu Rulhiegyoivial
oumed, apufdottog, fappdxt wan tevtha (Zaxxdg et al., 1998).

dAovpondTapog $AovpondTAROG
A nohid& xoitp VEa xoitq

T U Tl B S Tt

| Dodatoyevh t{fpata | iTnapwvevﬁ LlApaTa

Zynina 2. Zynquariaj yewdoyuaf rourf dievuvans A-A oy mxeproxij Hpwrdrov — Agiaps.
Figure 2. Geological sketch directed E-W at the Protato — Arisvi area.
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3. EPEYNHTIKEX EPTAXIEE
In mepuoyy (Zviayavij - Tugpog)

Avopiybnray 6 melouetoinés yewtojoeis fdabovg 45 m - 70 m (oy. 1, eowoyn 1). Ze 6heg g Mbohoyireg
TOPES TWV YEWTONOEWY EMHOUTONY Tt QYLALZG VMK E(TE T TAELOTAELTTORMUVIAA, TOOS TG ROGOTEDM (HOHHI-
Vi) deythog), (TE Ta TUAGIOYEVT, TOOS TO HEVIOXG ®at PEpelo Tuipa (Yroe-modown Goylhog), efte axdpa ot
rodogares Hahdooes anobéosig (Goyihog pe oydha). Exlong évrovn eival ) Ta0ovoie g paiong 0pyavo-
uryoug apyihov (fovprog) og Gy oxeOGV TV EXTON TOU TEDVOU TUIOTOS, IOV Eerivd ®atd OoeLs amd Ta S m
HATW A6 TV EMPAVELR KOl OF OPIOPEVES YEWTONOEIS ouvavTiETal PEyoL Ta 24 m fdaboc. Avtd delyver 6u
meoLoy ®utd 1o mapeidv amotehovoe pie xhewoni afathi hipv.

[Moayparomouninuay 20 yewguoixés diaoxomijoeis (oy. 1, meptoy 1) o oyeddomuay 5 yewnlextoixés
touss (oy. 3, meowoyj 1). Awxoivovron 4 #ipLor YEoMAEXTOIXOT OYNUATIOROT OL OTTOIoL 08 CUVOUUONG HE T
YEWTONTRA ATOTEAEOUAT OLUHROIVOVTUL (VAAOYEL HE TN DLURTVAVON TS ELOHIS NAEXTOANS CVTIOTAONS OF
(ASCE, 1987, Kahhépyng, 1986): (1) dupo yovdodroxxy (>40 Ohm.m), (2) appo Aemtéxoxxn, (40-25 Ohm.m),
(3) aoyihoaupades (25 - 15 Ohm.m), (4) doytho (<15 Ohm.m). & Gho 1O T KUQLAO YOV TCL CLOYLLAE O T
agythoapaddn VAR, YEYovag mov SuoroAEUEL TV EQUOPOYI] TEXVITOU EPUTAOUTLONUOU,

A0 TS XOXHOUETOIHES avalioelg wul TIS AVTIOTOLYES UUTUAES TOU opedIdoTray amd 25 edagind delyua-
o mow apOnxav oe didgopeg Beosic epimov oe fibog 30 em, TEOEXMPE Gl 0T TEQLOTOTEQX dE(ypaTA TO
ZOVOOGROXHMO VARG CUUPETEYEL OTO DE(YIC 08 TOO00TO <20%, YEYovis oL dNAMVEL GTL 0T EMLPAVELURE TR~
HOTE EMAOUTONY T COYLARA VMRA e TOM juron] CuppeToRn) hemtororrmv dupov (Zaxxdg ct al., 1998).

2n weguoyrj (Mpwtrdro — Apiofin)

Avooptybnrav 4 melouetoinéc yewtonoeis (oy. 1, meprop] 2), wov petd 1o 12 m Sétonoay 10 Aahaloyeveg
unopabpo 6mov xaw otapdmoay. Méyol Toe 12 m #upLeQyolv empavelaxd 1o apythoappddn (rdyos rard
HEOO GPO 5 m) Rt 0T CUVEYELL PELOL TaL 12 M ETUROUTOVY TO (LULPOY KON,

Tt ) drepetiviion Twv amoBéoemy otV dueon yerrovid e mahide ®olm)g mpaynatorondnxay cuvohrd
10 yewguoixéc diaoxomjoerc (oy. 1, meproyi 2) xau oyxeddomuay 2 yemnlextoixés rouée (oy. 3, meowox 2).
Arepivovtat 3 #ipLot YEWNAEXTEIXOL OYNUATIONOL Ot OTTO(0L DLOIVOVTaL Cvakoya PE T) dleripavon e e1di-
wijc nhextouic avriotaong (ASCE, 1987, Kahiéoyng, 1986): (1) oe evalhayéc apyihoopuomdmy #ot appoydii-
®OV Omov emxoutolv tor appoydira (>40 Ohm.m), (2) oe evahhayés aoylhmv %ol apyihoappmdoy drou
emrEUTOUY TaL cpyrhoaidddn (15-40 Ohm.m) »zow (3) oto oynpaTiopd Tov vrofdboov mou axoteheital axd
apyuhovs oytotéhboug (<15 Ohm.m). To yapurmEIOTIAG TS TEQLOYIES EIVEL TO ONUOVTIRE HETARUAGHEVO
nayoc tov axobéoswy. To apynd Tuipa (and daozdmmon 1- haoxrdmon 6) epupaviCer €va onpavTing mdog
amoBEoewV nan PAAOoT PE TNV EMROATNON TOV TEQUTWY, ELXOVE oV EMPERULBVETUL TOVAEYIOTOV OTO RO
Bcbn now a6 nig avdhoyeg rorropeToIREg avalioels. H dwamiotmon avn] dnprovoyel agyixd euvoixés mpoi-
TODEOELS Yt T OUVUTOTNTO EQUOIOYIE TEYVNTOU ERTAOUTLONOT OTO GOYLIXG (Tl T TS #Olm|C.

T o vahGtepn £wdva Tov vAzol mov @rhoEevel 1) malid %ol ®al #uplng Tou Tjpards g petatl
[Mowtdrov #aw Aplofng, maobnray 27 delypata oe duupopetinés O€oelg, mepimor avd 125 m wa o pfabog 30
cm amd ™y emedvei ™mg #olmg (oy. 1. mepwoyg 2). O xoxxouetoixéc avalvoes €de1Eav dTL empavelaxrd
EVTOTILOVTUL OTO YIRS TR TS XO(TNG CUYVES EVOARUYES YOVIROROXKOV (A0 KAl YUMKUDY) Kol AETTO-
HEQUIV VARV (LAVhON, cOyLMK (L), EVE) TPOC TO VOTLO GOLO TOU TEDIOV EQEVVAS EMKOUTOVV Tt LEXTOUEQT] VAIHA.

4. YAPOTEQAOI'TKH EPEYNA
Iy meproyij (Zviayavy - “lugpos)

O vdpoyewTojoelg TS TEOLOYIS, OV apBpaty mepimou Tig 53, €xovy péco Pabog 70 m, eved epgaviCovy
pia péom ooy reoirov 40 m¥/h, ov ot féoewa grdver ta 60 m¥/h - 70 mi/h. Ot futhitepeg yewTofoEic £xouy
OLUTONOEL EXTOS Ot TIG TTPOOMUTES TO TE(OS TV 0ol dev Eemepva ta 15 pe 20 m %ot TAELOTAEIOTORUVIHES
amobéoeis otic onoleg paihov evioniCovral Ta mo amodotixd vdpopdpa. H vdpogopia anavid auvijlog pe
pop@ Endikniwy vé wEON VOCOPEPMY, TOV TO TAYOS TOVE KupaiveTal HeTaEl 1 - 10 m, pe mapepfoléc aoyi-
Lo rorrihov mdyove.

Metd ) dexaetio tov 80 1) avayraotxi exfduvan Tov YEWTOHOEWV %aL 1 ahhay] Tov ®oAMepyeLdy and
HOACUTTORL ®oL TEUTAA Ot Papfdnt elye mg aIOTELEONN OHPEQN VUL 1XavoTOLOUVTOL 0%ed0Y ®otd 100% ot up-
OEVTIRES (vaAyrES e ONUOVTIRAG Gpmg TpoPhjuata o ypoviée mrwyég vdporoyixd. To modfinua mov mposrnpe
perd my expabuvon Tov yeotprioewy fitav 1 axorotevon twv afabuoy yemtofoeny Adyn vgalpipvang oto

- 1926 -



TOMH]

UJ [EPIOXH ZYAATANHS - IMEPOY

(m)

TOMHS

(m)

TOMH?

¥ BEon yeEwnAEKTPIKAC BIQOKOTINORAG- — - TOTTOYPAPIKG avdv)\uq:o\s/

nAek1pIKiC avrioraong (Q¥

. KapTTOAn fong niung eidikng

i

Zyripa 3. I'econlextoixés Touss.
Figure 3. Geoelectrical sections.
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votio Tipe (eptoy Tpegov) xon mg enéxtaors g o8 Pubitepoug vdooE(S mo Pogeia.

MaoazohovdOnxe n uerafolif tne ordfuns o 24 yewrpnoeig (0y. 1, TeQLoy 1) OHOLGHOOQU RUTAVERTIE-
vEC 0TO TEAIVE Tt OF TarTA Yoovird deonijuara axd 20/2/1994 £wg 30/4/1996, dmwg ®al o€ EYARUTAOTIILEVO
aUTOYRuUPLES oTaBPNYOAQo Yue TO ZooviXd dudotnua 4/9/96 - 7/12/97. Ané ta oyeniud SrayodupaTae TS HETH-
Boric Tov VPOETOOL THE CTAOUNG, OV OYEDLAOTIHAY YUt GRES IS YEWTONOELS et JLEPOS TV OTOIWY TAOOVOLA-
Cetan 010 0% 4, TEOERMPE GTL 1) Slapood OTABENS YL Ever HECO HOOVO PETaEY vymhig waw yapnhic otdbumg
QTAVEL PEYOL T 6 M HE TO PEYOAITEQO TOOOOTE Vet Zupaivetal ote 4-6 m. H popgi tov dayoapudrmv dnhovel
my ®eh Aertoveyia TmV vHEOPORWY |E GUEOT avaITAEMOY TOVE 0T OLap=eL TOU ETOVE. XUOUHTNOLOTIRG
GRWE OYESGY TOV TEQLOTOTEQWY YEWTONOEMY Xo #VRIWS cuTdv 7Tov folonovTal 7og Ta voTia elval OTL oL
otdfpeg noepiag Poloroviar et CUVEYHS £iTE TEQLOdXA »ATW and TO enimedo TS Baiaooug, Yeyovog OTo
omofo fonBoriv T yapunhd vpdpetpa Tov mediov. H meointwon auni, tov ogeihetal vvolwg ot dopr} To vre-
Sdpoug pe TV TaoeUPOM] oYty VARGV OTIS TEQLOYES TTOU Bt UITOQOTTUY VO ETROLVIOVOTUY UE TNYES TOO-
podooiug (ToTdpuL), ATOTEREL OOVLA TEQITTMION %Ol EVVOEL TNV EPQAEVION TOV TEOPMHATOS TS VEEAIOWVOT,
1) omole TaEOVOIGLETAL TEQLOOIOREVT) AGYM axOIBEIE TG OGS TEQUTOTNTAS TV VAXMY IOV rapepfdliovral
peTaEd Tov medvon Tunjparog rat g Odhacoag.
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Zyijua 4. Ataypduuara perafodijs Tov vpousToov s oTdOuIS TWY YEwWTEIfOEWY TS MEQLOYIS SvAayavijs -
“Tuspov.
Figure 4. Water table fluctuations of the Xylagani - Imeros area wells.

O 10 mebouetorxoi ydoteg (2 60TES TAQOVOLAGLOVIAL OTO O 5), TTOV OYEdEOTNHAV YLiL TO YEOVIXG SLdoT-
pat 20/2/1994 — 30/4/1996 pe ™ péBodo magepfohic Kriging o 1o mpdyeappua H/Y Surfer, epgavitovy xapa-
®pLoTRovg dEoVES VTYELaS Topodooiag xaTd TETOUS OXETXd TaREMNAoVS OGS Toug UpLovg GEOVES EML-
pavelanic aropporic. Xagarmowouxy eivar 1) eméva Tov Oxtwfoiov, 6rov TagameeitaL £vag onpovirog
dEovag Tpogodooiug pe @opd dievbuvong and T Bdhaoow 6mwg EioNg PAIVETAL [Let TEQLOYY OTO REVIQO AL
71p0g 10 duTxd Lo Tov mediov £psuvag mov foloneTan xdtw and xabeotwg vrepdvrinong. H apaiwon 1j mi-
AVWOoT TV LoomeCOPETOIRMY YouppdY Towilhel amd Béon oe BEom. Autd emBefatdvel TNV ETEQOYEVELL TWY
vdpoYoREwY, 6rmg TEOENPE and mponyoUpeva otowyeia. Tevind gaivetal 6T Ta VIGYEL VEQA TS TEQLOXNS
Séyovian Tpogodooia ahhd xot 08 opLopEves BECELS TP0QOSOTOUY T0 VOPOYEUPIRS dinTuo. TTapampeita xvpi-
wc pia otadeor] Tpogodooic ard My avaven BA meouoy], and ti dimbhioeis mg ogewviig Lavng xau pa toopo-
Sooia and 1o Poépelo avdvm Tuipa Tov motapot Alooov extds Tig TEQLOXIG EQEVVAC, EVE OEV QAIVETUL O
Afooog va 1popodotel Toug vdpopépoug ™S TEQLOYTS OXEdGY OE Gho To péEog m Holtng Tov mov evromiteTal
péoa oto nedio épevvag. Autd duwawohoyeltan amd ) dowri Tov VIEddpoug Hat xuElng TO PEYAAO TAYOS TV
GOYIMHGY VARGV, TT0t VOTLOL TIIOTE %L Y10 OQLOPEVOUS PTIVES TO UTIGYELD VEQS (aiveTal Twg EVIOYUETAL (6
vepd pe raretvfuvon mpog T Bdlaocoa.
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Zynua 5. MeCopetoixoi ydptes TwY VIO Titon vopopdpwy 0pidviwy e meptoyrs Sviayavijs - “Tucgov.
Figure 5. Piezometric maps of the confined aquifers at the Xylagani — Imeros area.

Moaypatomoninrav oe dvo dadoyiwd nahoraipia (Avyovatog 1994, 1995) petonoeis e tiurjc e yle-
RTQ@YWYROTHTAS OTe VIOYELR VEQG TS meoLoyiis (oy. 6). Tevird ol uég vupaivovial oe pétoia enimeda, amd
800-3.000 pS/cm, pe peyahitepn ovyréviomon and 100-1500 pS/em (Zaxxdg et al,, 1998). O peyaitegeg u-
HEG, OTTWS NTAV AVUUEVOUEVO, EVTOTILOVIOL OTO VOTIO TIIE KOt OQEIAOVIOL OTIS OUVEYMS OVNTIRES OTAOuES
®oL omy yewrviaon pe m Odhacoo. Eniong mopamoeeitol oyetivd puxet] aiEnom 1ov TGV 1005 TO REVIQIRG
Tuipa and 1o 1994 oto 1995, mou ogelhetal 0TV VTEPGEVTANOT TOU TIATOS CUTOV PE CUVETELR T QOT] TOOG TCL
avdv) tov 1jdn emPapnuévou vepol tou vdtiov Tjpatog. O puxpdtepes Tipés oto BA turjpa emBefardvouy
™MV ®ipLa 1eo@odocia TAEVEHG atd TV 0pewvY Lavi.

2n meproyrj (Hpwtdro — Apiofin)

Xapunmoonrs twv rohatoyeviv IENRaTov e TepLoyiis EIVOL TO AETTOPEQES TWV WPARMTIRGDV VMKWV
#abig 2ot 1 Eviovn Topovoic TwV oEYIAXEY VMKMV e CUVETELR TNV ERQaVION EAGLOTIS £0¢ undevirric vOpo-
popiac.

lFewtprioeig ow omoieg diETpnoav amorkeloTind Ta TOAULOYEVT], TOOO TV TEQLOYY €QEVVAS GO0 KOl OF YEL-
TOVIXEG, Tapovoiaoay anodsoels pndevixég 1 péyoet 5 mh. To ndyoc twv mpdogatmy anobéoewy dev Eemepvd
Tt 15 m, eve) pELHVETAL OTA 6oL PE TO hoguideg avdyhugo alhd kol mpog Ta véua. O amobéosic avtéc mou
amoTeEhOUVTAL Omd EVOAROYES apyilov, Auumv ®ol Yohirov, mov alinhoovpmhéxovial kol dnuovpyolv éva
eTEQOYOVES nepLfdliov, guhoEevoiv afabeig pepurus vitd mieon vépoPEPoUs 0ILOVIES, %WOIE CUVEKT avdmrTy-
En. H tpogodooio twv végogpdpwy eEaopurfetat and Tig ®urelodlioels vol and tig dinbhioels and toug dEoveg
EMPAVELAXTS ATOPEONS TV TEPLOdO IOV £X0UVV EO.

MapanrohovbnOnre n uerafolr te ordBunc oe 21 yewtpnioeis (oy. 1, tepLoy 2), opoLdpopga oyedGv xata-
VEUNREVES OTO TTEOLVE TUMpa, O TaxTd yoovird diaeonijuata and to Asxéuporo tov 1994 puéyor tov Ampiho tov
1996. Eniong yia 1o ypovird didompe 4/9/1996 - 18/2/1998 eyrataotdabnre avtoypaginds otabunyedgoc. And
TCL OYETLXG DLy QAPPOTC SIAXTIOVONS TOU VPOUETOOU TS OTdBung mov oyedidomnxay yio GheC I YEWTOHOELS
#aL HEQOS TV oolwy Tupovotdlovial ato oy. 7, Tpogxvpe 6Ti 1) dlagopd otdBung yua éva péao ¥pévo petaty
vymhijg row yapmhic tuywig dev Eemegvd 1o 1,5 m, pe 1o peyalitepo o000t va ®upaivetal péyol Im. And
TOACLOTEQES EQEVVES Hal GG PETENOELS O €va aplBud YEWTOHOEWY IOV OL TEQLOOGTEQES TAVTILOVIAL UE TIg
OMNPEQIVES, TO £10¢ 1992 (€Tog avopuPplag), oto idlo medio, mpoxmpe Gti ) dragopd otdbung dev Eemepvoiioe ta
2 m. H dtoxiipovom 3aoaxtnoiletal k¢ Ko, YaooxtnoLotive Tov THmon tmv udpo@epny e TepLoyic Epeuvac
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AAPIANH

3
2000 — KapmmuAn fomg A nA. aywyipdrnrag (uS/cm) yewrpnan mapakoAoudnong

Zyrjua 6. Xdotog ue Ty xaravoutf TS NAEXTOAYQYIHOTHTAS TOV VEQWY TWY VIO TiETH VOQOPIQWY 0QICIVTQY
¢ meptoyrfs Svdayavijs - Tuepov.
Figure 6. Contours of groundwater equal electrical conductivity value of the Xylagani - Imeros area confined
aquifers

tou drampivovral ratd nepintmon ot eAei0epoug naw afabeig pepirig v aicon. H poogr twv duayoappdrmv
dnhdver v xadn Aertovpyia Twv VOPOPOPWYV PE AVATATOWOY TOUS OTY) SLAQKELC TOV £TOVE,

Xaponmoiotind tov 8 meloperoxdy yaotdv (2 ydoteg mapovaudlovial oto oy. 8), mou oyedidamray yia
0 yoovind Srdomua 28/12/1994 — 10/4/1996 pe m péBodo mapepPohic Kriging xau to modypouua H/Y Surfer,
elvau 61t oo Twijpa ™me Tepoyc €osuvag netall Mowtdrov xat Apiofng, eviomiletat 08 Oheg I TEQLGSOVS
Evag apreTd EVdLaXEITOS dEovag TEoRodouiag e apetnoic Ty Taild xoim), 0 onoiog diaoyLovrag ™y TEQLO-
1 o epgaviCel peydho maxog amobéoewy (yeamiextorn] Top 1, oy 3 — megloy 2, BEoeig Sevyparodmpiog
yLo woxrOpETOWY avdivon 1 — 12, oy, 1 — meptoyn2), o ouvéyela HETaTEENETaL GAAOTE OF dEOVa UmooTOdYYL-
ome xon dhhote o dEova Tp0podoaiag, JUQUXTNOIOTIXG TNG ETEQOYEVELNS TWV VMKWV TG TepLoyc Epeuvas. H
SLamloTmon cuTH REIVETOL ()G AORETE, EVVOIRY WG TTOOG TNV (TOTEAECUOTIAGTNTO TNG TQOTELVOHEVNS EQUOUOYTS
TexvTol epmhovTiopol o8 auté To Tjna ™S xoitns. Eniong n apainon 1 mixveon 1oy 1oomeCORETOLRGY
yoappmv towikher and Béom oe Béom, ewmdva mov emPePatdvel MV EVIOV ETEQOYEVELL T®V VOQOYOPEWY,
Orwg TOOEXVPE antd TRONYOVPEVE OTOLYE M.

5. LYMIIEPAZMATA - ITIPOTALEIEZ

In meowop (Eviayaw — Iuegog). To epeuvotpevo medvé Tuijpa Evhayavic — Tnegov galvetar 6t ofjpepa eEa-
OQMEEL ENAORGS TIS CODEVTILES TOU CVaYHES 016 T UTGYEL VEQA TG TEQLOYIS YLat €vi O VOQOAOYIHE £T0g ahhdt
Gung wdw ot ouvehireg vepdvrinomg. H mowdoyta tov undyeuny vepuy Goov agopd v afabr vdpopopic it
tou “Tpegov emmpedletan dpeoa ad To Bohaoows veps érmov orpepa oL afabels YewTEroelg elvan adQUVOTOMUEVES,
H Babid vdpopopia €xel apyioe e apyors ouBpods vo emmoedieton £pupeca xou o omd m Bdhaoon Adyw Twv
CLOVITILADY TULEY TOV MPGHETEOU TNS OTAOUNS TWV UTIGYELWY VEQWY OE TUVOUROUG HE TLS VTEQUVTAOELS.

H zataoxevy xardhnhov €oywy TexynTol ERTAOUTLIONOY, GTwg €EL TQORVYEL 0l UVALOYES ENTELDIES
omv EAGda (Zoprc, 1994, @dvog, 1994, IMhdrag, et al., 1999) 1j oto dtebwij yodpo (Kovpavrdaxng, 1999, Berger,
et al., 1998), propei va oupfdier BETRG 0T POXEOYOGVIC ONPAVTLAY TROOTADELL AVTIUETWOLONG TOU (POLVONE-
VOU S VP pUpIvonC TMV VIGYELWY VEQMY. ATG TNV CELOAGYNON GRmG ROL THY TROOEXTIAY HELETY CAWV TV
OTOLLEIWY, TOV AVAMIOEMY, TV HETOHOEMV ROt TWV avEAOYwY YooTdy Yo ) diegevvion mg duvardmrog &-

- 1930 -



QUOMOYIS TEXVNTOU EPTAOUTIONOT TWV UDQOPOQEMV TIS TEOLOYTS E0EVVAS ®atl LOATEQ TWV ETLPUONILEVDY KoL
EMUAEVTQMVOVTOG #UDLE 0TIV EVTOVT TaQouoic apyLhizol VAROT TRORUITTEL 1) XT(IN O Te aduvapiag egapuo-
¥1G AROTELEOUUTIXOT TEXVNTOYU EPTAOUTIONOT OTO EQEUVOUUEVO TUIE TO00 HECE Gt TNV HOITH TOU TOTUUOU
Alooov 600 zat HEoa amd Y avatohrr] Tokid o) - Tdeo.

2n meorop] (Howrdro — Aoiofn). AT ™v mEOTEXTEA] PELET) ®at TV AELOAGYNON GhwV TV OTOVKEIMY TOU
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Zypjua 7. Atayodupara uerafolijs Tov vipoucToor s ardfuns Tov yewtpjoswy e nepoyric Mowrdrov -

Apioprs.
Figure 7.Water table fluctuations of the Protato — Arisvi area wells.

W4 yewnpnon mapakoAolBnons— — - kdplog dovag umdyeiag Tpopodoaiac  — 21— icomedoueTpiki} KauTiAn

Zyrjua 8. Miebouetoxoi ydptes Tov afabovs ucoixds vad micon vépogdoov opiGovra g megoyrjs Mowrdrov -
Aplofins.
Figure 8. Piezometric maps of the shallow semi-confined aquifers at the Protato — Arisvi area.

TEOERNPOY (G TG OYETIHEG EDEVVITIRES EQYUOTES TRORVITEL OTL TO PAQELO TInjjct TG ahids ®oitng Tou Phov-
DOTOTAUOV TPOOWEQETUL YICL TNV EPUEUOYY RUTdIANhov peBGdWV TEXVNTOU EPTAOVTIONOY UE EVEQYETIHG UG
VOQOYEMAOYIAY GITOYN CTOTEAECUOTA YICL TO EQEUVOUMEVO THIUa MG RO YLOL TV £VEUTEQN TEQLOY].
Extipdral og ®iplo ®o dupeco friwc oty mpootdeie g 0horhijomons TV EQEVVEY GUTMY %ot XUOIng yia
TOV UTOAOYLOUG TAEOV UL TOTOTIRMDV THQUUETOMV TOU QUPOQOTY TOV EUTAOUTIONG, 1) EXTELEOT] EVOC TELQUUATL-
#0U OTadiov EQoEPOYNS TEXVITON Epmhovtiopol, ov Ba mpénel va wepthapfdver: (1) myv enavevepyoroinon
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e e *olmg jE UBULOT ™S P01 EAEYYOHEVLY TOoOTT!WY VEQOU (i T drevbeTnuévn ol oy mahu
010 TPOS TG UTOKOTHE TS amd aut, (2) ) dtevbémon g mahidg »olmg pe ™y rutaoxen] avafabpody o
Bopeto Twjpa ™S, YL T OUYXOGTON 0OLOREVIS TOoOTTAS VEQOD auEdvoviag £Tol o pulpd dujbnong tc
VEQOU TN ®OITNE OGS TOUS LOPOYOEOVE, (3) Ty avipuEn vdpoyewTEoewy, TovhdyLotov duo xat fdbovg &
ueyaivtepov and 20 m, oty mEQLOY] YO Ao T0 fOQELO TUPA TG ROUTNG, OV TUEOVOLALelL Ommg avaiitny
OTC TOONYOUREVE EVVOIRES VOPOYEWAOYIRES OuVONRES, (4) CUVELE(S AVTANOELS TV VOPOYEWTONOEMY Uo TF
avolEn peyol 1o gOvermEo ot TaEaroAotBNoN ™S LURUPAVONS TS OTADUNG OF YEITOVIXES YEWTONOELS, EV
TO VTAOUPEVO VEQO Bl HETU@EQETUL OE TTEQLOYES TOU £X0VV GUEOT] avdyxn VEQOU dpdEvong.

H o médve pebodoloyic TexvnTol £PTAOUTLONON UE TNV ETUVEVEQYOTOMNON TEALDY AdOAVOTOUUEVOV %O
TV EYEL EQUONOOTEL HE EMTUYIC Ral €YEL amodwoel DeTnd anoTehéopate o8 AALES AVALOYES TEQLTTWOE!
(Awapavoig et al., 1999, IMadxrag et al., 1998). Zmv mepimtmon £86) ®OIVETAL 1OC ATOTELEOUUTIXI] 0TI DLEQETVI
O TC UVATOTTAC RUTACKEVTS UOVILWY EQYWV EWTAOUTIONOY OTNV TEQLOYY, EVE TO HOOTOS RUTUOKEVNC T
£0YwV EVOL OYETIRA XUUNAS, 1) ouvTijonor] Toug dev elvau Ldaitepe dumavnr evd 1 6hn dradiwacic dev emno:
aCeL dhheg yoN0OELg Y1C.
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YAPOT'EQAOTIKEX YYNOHKEL KAI H ITAPOYXIA NO3 LTA YIIOT'EIA NEPA THX
ALXTIKHZ KAI IIEPIAXTIKHE ZONHXYX THEX KAAAMATAL®
II. EAMIIATAKAKHE', I1. TAITANAKHE', B. ZOPAIIAL'

ZYNOWH

H épevva mpaypatomonjbnxe ota mhaiow Ty vdpoyewhoyirwy mpoyoauudrmy tov IF'ME amnd to A’ kol B’
EILE.

H mepuopi evolagépovrog mepthapfaver ™y aotixn ®ot meplaoti Lovn g moing me Kahapdrag.

[N g avdyxeg v epyaouwy, yonoworonitnxe £vag xdavvafog vdpoompeiwy apretd muxvis (116), amo-
TeEAOUPEVOS GG VdPOYEWTONOELS, (pofata vt BEoelg devynatohpiog empavelondy Vepwy. Amnd ta vdooon-
pelc avtd ebjgbnoay oe Tartd yoovird daotipata Seliypata VEQOU YLt TOLOTIKG ELEYYO Ko ooy patomonitn-
%V PETOHOELS OTABung oTtoug VmdyeLoug vOPOPAPOVE.

To peyohitepo Turjpo g mepLoyic €pevvag dopeltan and Tetaptoyeveis amobéoeis xor Neoyeveis oynua-
nopovs. Evad ota fopeia nat avatohind reptBuoie e epLoyijs ®uotapyolv oL oynpatiopoi e Zuvng Tolmo-
g xaw g Zawvng Mivéov Olovo.

Ta oroyeio Twv vOPOYNULKMY AVEAToEWV amodeVIOUY Tl OTa VILOYELR VEQRG TG aotirtig Cdvng g Ka-
hapdrag 1) magovoica twv NO, eival tdoa ol évrovn, tohhamhdown Tov avdratov opiov tov 50 mg/l. Avrife-
70 1) TOEOVOit TwV S0 GAMLVY SELHTdV PUTavomS Tou aldTov, NH", new NO, eivon oyedov aviimagnm.

Zuvdvaloviag avtd to vdpoyMurd otovgein pe Tig vdpoyewhoyirés dopés g mepLops evdiagépovrog,
ovpeQaiveTal 6L 1) poghevon Twv NO', ovvdeetal e aotind Mipara (aropgognuixot fébpot, anwheleg Tou
duetiov amoyérevong). To yeyovig 6t n vdpogopia avarTicostal ot [xeo Badog fondd oto va dnuovpyei-
ot €va Evrovo oEeldmtind vdpoynpuks mepLpdihov. ITapdAinho oL TEQLOQIOPEVES UVTMIOELS VTOYELWV VEQWV
amv ot teproy dev dievroliver Tig diepyaoies amovitpwang nat eEaeglopol. H amovoia NO', now NH”
uodNAWVEL 6TL 1) €l00d0¢ TV PUIOYGVHY alwToly WV EVHOENV OTO UTGYELO VEQO YIVETHL O8 JUHEO ﬁuﬁog 6uou
agbovel To oEuydvo.

ABSTRACT

The present investigation was carried out within the frames of the hydrogeological projects of IGME funded
by the first and second EU Framework Supporting Programs. The area of interest includes the urban and re-
gional zone of Kalamata city.

During the project implementation, a dense net of water points (116) was used consisting of water boreholes,
wells and surface water sampling points. Water samples were collected from the above water points in regular
time periods in order to proceed to the water qualitative control. Moreover, water level measurements were also
conducted into the aquifers.

The greatest part of the area understudy is structured of Quaternary deposits and Neogene formations,
while formations of the Tripolis and Olonos — Pindos zones prevail in the north and eastern margins of the area.

The data obtained from the hydrochemical analyses suggest very high values of N0, into the groundwater of
the urban zone of Kalamata city, exceeding the maximum limits of 50 mg/l. Conversely, the values of NH*, and
NO, are negligible.

Combining the above hydrochemical data with the hydrogeological structures occurring at the understudy
area, we can conclude that the origin of N0, is connected to the urban wastes (sewers, leakages from the sewage
net), given that the water develops in small depth under the surface thus creating a highly oxidizing hydrochemical
environment. In parallel, abduction of nitrogen and ventilation conditions are not favoured by the restricted
groundwater pumping in the urban areas.

The absence of N0, and NH*, indicates that the intrusion of polluting nitrogen compounds into the
groundwater takes place in small depth below the surface where oxygen is abundant.

* HYDROGEOLOGICAL CONDITIONS AND PRESENCE OF N0, INTO THE GROUNDWATER OF THE URBAN AND REGIONAL

ZONE AT THE AREA OF KALAMATA
1. I'ME MEZOTEIQN 70 AGHNA - IGME MESOGHION 70 ATHENS
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AEEEIL KAEAIA: aotxi Covn, ahhovfraxés - mheiotornavizeég anobéoeig, Mipata, amovitpmon
KEY WORDS: urban zone, alluvium — pleistocenic deposits, urban wastes, denitration

1. EIEAI'QI'H

H fpevva avnj mpaypatoronifnxe oe do @ACELS, 0T TAGIOLO TWV EQEVVITIAWY VOROYEWAOYIRIIV TOO-
yoappdrwv tov ITME, pe yonnaroddmon amxé 1o A’ #an B' KILE.

O ypoviréc mepiodor watd ng omoleg avammiynxav ol epyacies vraifpov xat egyaompiny jtav 0vo:
1992-93 %t 1995-96, Tuyrexoiuéva oL epyaoies vaaibpov mpayparoronjBnxay mpog to TELoC Tg Enovg TeQLo-
dov (dnh. ZemxrépPoro - OxtdPoro) #at oto pécov mg vyeric meptddou (dnh. Aenéufoto - lavovdpio),

Xonoworonjdnxe €vag xavapos 113 vdpoonueinv yie ) ovihoyr otoiyeiwv omy gvpitepn epwoyr Kaha-
parag. Ta vdpoonueio avtd amotehotiviay axd vOPOYEMTONOELS, POENTA %ot BECELS EMUPUVELARIV ATOQQOUV.

A6 tov ®avafo autd Twv vdgoomueiny ebjginoay delypata vepor xau moaypatomomdnray orabunue-
Torjoelg ™V (da wepiodo (Oxtdfpro xow Aeréufpro 1992, Zenrépforo 1995 xa Invovdpio 1996). Ze éva pévo
TEQLOPLOREVO aptBpd vdpoomueiny Ta orola foloxoval avatoird mg Kahupdrag, ou peTprjoeig #o ol derypa-
Tolyiec moaypatoroniyxay my nepiodo 1996 - 97.

To ypovird dudomua, om ddpxewr Tov onoiov extehotiviav ot gpyuoieg vrailipov my xdbe @opd jtav
Sudprelag 5 NUeQUV.

To yeyovéc 6t evidg Te aotuic Cavng g Kahapdrag sviomiomuray mohhd goéata raul vdQoYEmTONOELS,
anOpe %O EVIOS VToYElwV Ot ®Tlola, sTETOEYE T duiovpyia £veg TurvaTaton drwtiow otabuwy amd vdoo-
peio Twv omofwy ot petall Tovg arooTAoELS ®aTd PECO Gpo dev Eemepvotoay ta 500 |1, TOVAGLOTOV EVTOS TS
aonric Lovne.

2. TEQAOTI'TKA LTOIXEIA

H meoloypt €pevvag Poloxetal 0to avatoixo tjpa tov Meoonviaxot Kéhmov, o omoiog pe T 0g1pd tou
optoBeteitan amd T Xepodvnoo g Mdvng mpog A xau avt g TTuhlag mpog ta A, TTooxerToL yLo o, TEXTOVL-
Wi TaEEO oV YaoarINEETaL and €vrovy petahmxy textoved] dodom, 1) omoia doyoe oto M. IThewdraivo
(MARIOLAKOS, FOUNTOULIS, LOGOS, LOZIOS - 1989). MeTd 1o TEAOS tvTiig TS TEQLGd0U OuvEyloTnxe
EVIOVATEQT UE HATAHOOUGPES RIVIOELS ot TABOS “AUAHWTOY HETATTOCEWY TOOE TO EOWTEQXO ™. To yeyo-
Vi auTd Eixe ooV amotéheoua T dMuovpyic enypatoyevdy Cwvav kol T oeLoux Tovg dpaon ne aroropu-
popa avt oug 13-9-1986 dov evepyomoninray ot Loiveg Nédwva - Kopuivng - Akayoviag wat Kunaplooiog.
Apeomohng (FYTROLAKIS, N, 1987).

To mepBrHELO Tg TAPEOV aTOTELEITUL U6 OYNUaTIOPOTS Tov Ahmrot Opoyevols, oL omolot wg CUTOVORES
YEWTERTOVIXES EVOTITES OUYHQOTOUY %o TNV TOAGTAOHY TERTOVIXY dop| Tng opooelpdg Tou Tailiyérou nou eival
n evémrae g Mdvng, n guikitiaj evéma, 1 evémra Toimoing - Tafodfou xat 1 evémra Olovoi - ITivdov.

H svovtepn meproyr €osuvag (aomuai o wegraotny Lovn Kahapdrag) dopeitan »ipa and toug Metahmt-
®ovg oynpuariopols (WQNHE, K., 1983) mov eivan ow mopaxdto (oy. 1):

o  Alhovfloxéc anoBéoelg, onig omoleg EMXQUTOUV (oUVOET VARG and rpondheg, harimeg, yuhixia, ooyi-
hovc ®at dupove.

o [Thewotoravizés omobéoeic mpoeEyOpeves ©upimg oo vhxd dufowtirndv diepyaoidv ota meTpdpura TOU
umofaBpov %ol Ta otoie péow Tou motapol NESwva ®al Ty dAAmy xelpdeowy, pnetagepbnray oTig yaun-
AGTEQEC TTEQLOYES TS MEXAVNS TS TTOANG. ATOTELOUVTCHL ®UQOLOL (TG HOUUIVES - HUOTUVEG UQYIAOUS RO CLOYL-
hotiyoug dupovg, pe apepPorég kporahomaywy ®o harimwy Stagpdpmy peyebav.

3. YAPOTEQAOTI'IKEE LYNOHKEE

Me pdon Tig yewhoyi#és DOPES ®aL amd TV avdiuoy Tmv VOPORETPNOEWY TOU OUYHEVTROBN®aY oupmeQai-

VETOL OTL

a) Zmv evpttepn nepoy] mg Kahapdrag ol empépoug vdgogpopies mov avartiooovial evidg Twy [Thewoxm-
virdv ot ITAEloTOROVIROY TYMUaTIoNGY, ®abde ot exeiveg eviog Tov aaoPeotoriBuwy, dev elval amopo-
vopgveg petall tovg, ahhd vdpyel Thevpr TP0POdOin TWY VIQOPOQLDV TWV KOXAMIMY CYNUATLORDY
amd TS #OQOTIRES VdPOOEIES. AUTE emPefaldvetal amd TV avdyvmon Tov xhoT Twv WomeLOPETOURMY
RAWTVAGY (o). 2), 6710V 0L VdPaVAKES RMOELS TTEoVOLELoVY e opaht] HETABaOn amtd Ty vdEoYoin TwV
AOQOTIRGV TOOS TNV VOQOQPODILt TWV ROURMOWY TYNLUTLOPGV.

B) H vdpavhumni xhion mov mooximtel amd TV avaiuom twv womelopetordy napmuhay evidg e Ldwg tav
aoPeotéMBv ®aw Tov veoyevav elvar 2/ mepimov. Evd evidg mg yaunhic Lovng, dmov 1 vdgogopia
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InEPIEKTIKOTHTA NO3- ZE AEIFMATA YNOrEIQN NEPQN EYPYTEPHE NEPIOXHE KAAAMATAE
HMEP/NIA [& © 6 e 6o 80 6o 6o 6o 69
serwaro(& 8| vos. |8 B nos- |2 B/ wos- [£ 8| nos- (£ 5| nos- g 5| nos- (2 & nos- 2 8| nos.

AHWIAEL [>= X | (ppm) |> T fgpm > X | (opm) |> T (Egm) > T {epmj > X {peme 1> T | (ppm) [> T [Egm!
Okr. 92 1| 248 |14 868 | ®27| 248 | 40| 248 | rs3 r74 31 @87 | 111,6 |r100
Aek. 92 21,7 - 124 3 3224 24,8 124
Zem. 95 1354 19,84 218,86 217 9.3 155 1,24
lav. 96 14,88 | 1147 13,02 248 308,14 118,42 0
Okr. 92 rz | 248 |o15| ¢3 |®28| 992 | 41| 1984 | r57 res| 1,24 |o88| 558
Aek. 92 49,6 80,6 155 148.8 6,2 744
Zem. 95 kil 78,12 86,8 1116 68,2 9.3 75,02
lav. 96 48,98 108,12 155 98 58 21,7 7.44 34,72
Oxk1. 92 o3 124 (®©16] 279 | ®29| 1643 |®42| 155 | rez r7e| 248 [o89| 21,7
Agk. 92 186 2976 151.9 1054 31 248
Zemm. 95 108,5 2852 142 6 2108 18,6 15,5 248
lav. 96 1209 341 2821 156,24 0 0,62 8,68
Ok, 92 ®4 | 713 |©17| 868 | @30 ®43| 96,72 | 63 r77 0 ©90| 558
Agx. 92 102,3 99,2 78.74 0 31
Zerr. 95 108, 93 20,46 105.4 3.1 0 775
lav 96 76,88 108.5 21,7 71,92 0 4,34 14,88
Ok1. 92 ®5 <1 ©18| 2294 | ©®31|106,02| ®44 0 re4 rrg| 62 |®91| 992
Aex. 92 248 186 148 8 74,4 12,4 1116
Terr. 95 34,1 220,1 155 122,14 496 8.3 155
lav. 96 217 197,78 213,28 115,94 28,52 1,86 85,56
Okr. 92 @6 | 496 |®19| 1116 | ®32| 434 |®45| 1364 | r65| 124 | r79 124 | ©92| 496
Ak, 92 558 99,2 49,6 124 15,5 12,4 52,7
Zem 95 93 108,5 46,5 77.5 6.2 9.3 77.5
lav. 96 119,66 125,86 41,54 70,68 0 4,96 83,08
Okr. 92 o7 0 ©20( 62 |®33| 2232 |D46|119,04| r'es reo| 34,1 | re3| 496
Aek. 92 6,2 18,6 198,4 117.8 49,6 496
Zem 95 0 45,5 226,3 115,94 0 74,4 93
lav. 96 1.86 4216 339,14 1736 0,62 38,06 41,54
Ok, 92 ®8 62 21 34 047 re7 ra re4| 372
Aek. 92 55,8 24,8
Zem. 95 52,7 117.8 489,8 173.6 9,3 2,48 49,6
lav. 96 58,9 106,64 430.9 212,66 4,34 0 35,96
Okr. 92 {0]:] 124 | ®22| 527 |®35| 496 |®48| 79,36 | 68 raz res| 496
Aek, 92 155 43,4 68,2 78,74 248
Zem. 95 1271 80,6 155 87,42 0 3.1 37,2
lav. 96 228,16 59,52 198,4 128,96 0,62 4,96 11,78
Okr. 92 10| 558 | @23 1364 |®36| 682 | ®49| 496 | @70 0 ra3 ree
Mgk 92 43,4 9.3 117.8 806 0
Tem 95 58,9 53,94 117.8 15,5 18.6 0,62
lav. 96 88,04 218,86 288,3 1209 12,4 9.3 0,62
Okr. 92 ©11| 155 | ®24| 4464 | @37 rso Fr71| 124 |o84| 62 |o97| 558
Aek. 82 192,2 2232 113,46 1.24 49,6
Zem. 95 198,4 316,2 185,38 155 49,6 8.3 49,6
lav. 96 169,26 2356 2046 81,84 10,54 43,4
Ok, 92 ®12| 124 | ®25 ®38| 1178 | rs1 r7z 0 ®85| 124 |098| 62
Aex. 92 148,8 99,2 1,24 24,8 115,32
Zem 95 172,98 35,34 114,7 12,4 27,9 21,7 83.7
lav. 96 136.4 39,68 103,54 6,82 26,04 18,6 32,86
Okr. 92 13| 186 |®26| 62 |®39| 434 |®52 r7a| 31 |®86| 2697 |res| 1612
Aek. 92 403 18,6 434 3.1 279 155
Zem 95 155 0,62 372 517,08 217 2356 1922
lav. 96 3596 17.36 37.2 308,14 558 122,14 164,92

@:ppéara
I yewtproeig
mivakag |
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AVaTTUOOETAL OF TAEIOTORAVIXES 1oL 0horavIzES amoBEoeis, 1 vdoauAta) whion eEnobevel za LITodNAD-
VEL OTL EAOaToty CUVATiXES TEQLOQIONEVIC #IVIONG, OXEOGV OTUOIPOTITAS TOU VAGYELOU VE 0o,

4. TENIKA YAPOXHMIKA XAPAKTHPIEZTIKA TQN YIIOTEIQN NEPQN

Elignoay defypar vepot ard 92 vdooonueic (oy.1). Me Bdom To dudyoappa Piper ot vdpO ULl YO
RTHOES TOV LIGYELWY VEQWV TS TEOLOYNS EVOLUPEQOVTOS KUTAVEUOVTL PETaED v “yhmototywy - Betixdy -
AOBEGTOURMY - HayvIoLoTymy %t dioavBparmy - aofecTotywy - poeyvynototigmv” (ay.3).

ATG TV %atavop] Tav vdQoyNIHGOY (a0uHTiomY Twv SEyudTov 0To didyoapa Piper TOORUTTOVY TRELS ONat:
domonjoeic. H mpoim) opdda roraveuetat oto “medio” twv yhnolotywy - BeEur@V - AoPECTOU OV RO LECYVNOLOTLON
vepdv. H devTeen opdda Setypdrnv ouyRevIomveTol oto “Tedio” Twv dloavigaxixmy ey VIotovymy oL 1 ToiTr
otoretan ote GpLa Tov “mediny” SoavBQUHIRGY HoryVNoLoT Y - Sroavbparrdy aofeototywy. H tehevtaic opd.
S0 VTITTOOOMAEVEL WS £ TO TAEIOTOV VOQOOMLELCL EXTOZ CLOTIATG LVIS HCLL CTOUAHQUOREVCL GG TNV UATOYOO
AvrifeTa 1) odm) a1 devrepn opdda meohapfdaver detypare o6 vdpoompuein we eI TO TAEIOTOV (T TV AGTIRY
v 670 evIOmICovTaL ou ot PeYChITEQES EMPBAOUVOELS OTNY TOLOTITCL TV UTGYEUV VEQWV.

5. IIOIOTIKA XAPAKTHPIZTIKA TQN YIIOI'EIQN NEPQN

Hoayparomonjonxay TEoepLs OELOES SELYIATOMMPLIY Hatl LOGOUBLmY VOQOYNIAGHY avoliosmv. H mpotr
»aw 1) devteon oe1pd Tov Oxtdfoio xar tov Aexéuforo Tov 1992, v Toim) %o 1 TETao™m O£L0d 1OV Zemrépufolc
1995 »eu tov Iavoudoo 1996.

O1 avahioeig £yivay oe delypara wov ehjgnooy amd 92 vdpoomueic Tov dtxtiou TROOdLOPIOTHRAY O
npEc ot Toelg deinteg pumavong: NO', NO,, NH*, oL omolot ouy yevire yapurmioa %o TapovoLdlovy ws
YVOOTOV PEYEAY RIVITIROTHTA PECU OTO VAGYELO VEQG.

A6 Gho autd to whijfog Twv 273 avalioewy (TTIN

MIN. Il mepiekmikérnra NO3- o€ Seypata 1) mponinTeL 6T
UTTOYEIWY VEPWV EUPUTEPNG TTEPIOXTAS o) Empopivoeig and NO'| eviomiomray 08 ehdy1ote
Kahapdrag defypcrra, omopadird. O de TEGTOZ ERPAVIONS TN
e e vrodMhuvEL OTL BEV VITAOYOVV HOVIHES EOTIES PO
KOA. HMINIA i A )
AEIFMATOE | AEIMWIAS NO3 (ppm) huvone. To opnhdtepo emimedo aviyvevons ang o
r107 Ox1-96 <186 vahioelg Tov derypdrwy ijrav 0,015 mg/l.
r108 Ox1-96 <1,86 f3) To NH', 8ev eviomiomue 0 #ovevo Sefypc veoou it
r10s Ok1-96 <186 ¥onAoTEQO entimedo soyaomotemig avigvevong 0,000
r10 Ok1-96 <1,86 mg/l.
Fidd Oxr-96 =1,96 y) Ta NO', éxouv évrovn) Tapovoio: oTe UTGYEL Ve
r12 Ok1-96 48,36 . B ‘e n , .
118 Ox1-96 T4 od Wiaitepa oty aotr Lavn e Kahapdrag, 6
113 OK1-96 96.72 mou oL Tpég Eemepvoiv ta 100 mg/l oe Gha Ta dely:
114 Ok1-96 <1.86 petes vepot Shmv Tmv TEpodmy derypatohmpiog
r11s Ok1-96 <1,86
r116 Ok1-96 <1,86 MIN. Il wepiextikérnra NO3- o€
r117 OKT-96 8,68 Belypara EMEavEIaK®V VEPWV
r120 OkT1-96 <1,86 eupUrepng mepioxng Kahapdrag
r124 Ok1-96 <1,86
r107 Map-97 <1,86 KQh. FIMINIA
r108 Map-97 39,68 AEITMATOL | AEINYIAL NO3 (ppm)
r10g Map-97 <1,86 60 Okr1-96 <1,86
110 Map-97 <1.86 61 Ox1-96 <1.86
ri Map-97 <1,86 105 Okr-96 6,2
112 Map-97 52,7 106 O«1-96 <1,86
13 Map-97 79,36 102 Ok1-96 1,86
r114 Map-97 <1,86 103 Ok1-96 <1,86
r15 Map-97 <1,86 104 Okr1-96 <1,86
r16 Map-97 <1,86 60 Map-97 <1,86
r17 Map-97 3,72 61 Map-97 <1,86
r118 Map-97 8,06 102 Map-97 <1,86
r119 Map-97 0,62 103 Map-97 <1,86
120 Map-97 11,16 104 Map-97 8,68
r21 Map-97 8,68 105 Map-97 8,68
r124 Map-97 8,68 106 Map-97 6,82
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Evo) wdve o 10 6010 v 50 mg/l Bolorovial ot TiEs apretay OELYPATWV 6 VIPOONUEK TS TEOLUOTL-
wig Eovng me Kahapdrag. Kdn avikoyo €xel emonpaviel xa oe TUAUGTEQES AVAMOYES EQEVVNTIXRES ED-
yaoies (AAMITPAKHE- THNIAKOZ- AAZAPOY- KAAAEPTHE, 1997).

Ehdyrora vopoonpueia and tov xdvapo, 0 omoiog yonowpomon|nxe elval eviehds aralhaypéva and my
aapovaia NO . O “raBapéc” neproyéc evioniCoviat extig aouxig Lovne. Medzewma yua tig teployéc fopero-
dutind, BOQELA ®o avarohxd g Kehapdrag, oyootixég, nuaygoties nat dSaonéc (oy. 4). Sta vdpoonueic
107, 108, 109, 110, 111, 112, 113, 114, 115, 116, 120, 121, 123, 124. Tt omoic folorovrar extég aotunis Ldvne me
Kahopdreg, ot deryparohnpies moaypatomounifnmay tov Oxtdpoto 1996 %o tov Ampiho 1997 (TTIN. I1).

Auvmi n yooveai Stugogomoimon oe oyfom pe Tig TEpLGdove devyuorokmpiog tov dhiwmy vdooompeiwy (ITIN.
1) dev Ba moémer va Bewpeiton ovolaotixyg omy eEaywyi] oUUTEQUONGTMY npog tig #ubapés mepoyge.

Zto vOOOMUELL (VT 1) TAEOVOLH TWV NO', elvon oyedov pmdevin ex16¢ Tov vdpoomueiov 113, oto onoio ot
TIHES Storngovvial ive e T 70 me/l.

H évrown xaw orabBeen tagovaia NO', ota unéyew veod me aotunic Cavne g Kahapdrag, ameioviCetat
oe Oto yaoteg (oy. 4 xar 5) SlopopeTHiv TEQIGdWY, Enoris naw vyeric. H oumavon avtij mbavd ogeihetan oe
Mipara aonzig Teoéhevong: aroppognuixols fébgove, diuppogs dixtiov ATMOYETEVONG, WIGREIYN hupdrmy
oY ETPAVELRL TOV ESGpOUS, TpGho mov hertovpyel Prokoyinds xabapiopde.

To pzpé abog Tov vdEOPGEOY, 0 OTOIOS AVATTUCCETHL EVIGE TV TAELTTORAVIRGV (TOBEGEMY. EUVOEL
ONUOVTIZG TNV ROTEIOOVON TOV QUMY Kl TEOOQEDEL THUTGYOOVE EVet VYRS oEedutind megfdihov yio ig
afwtolyeg evooets. It avtd zaw dev vadoyouy meotdioie appovioromone. AndédeiEn 6u ong avalioeig to
NH", Botoxeta o€ Tpég p avigvevopes (<0,007 mg/l) oe 6ha o defypata. M eEloov onpovrusi maoation-
on elvau 611 1 amovoice NO' onig emPoaonpuéves pe NO', Coiveg, vrodnhiver 6t dev vdpyel dradiraoio ehdrro-
15 TOU duvequroU OEELDOUVUYWYTS, 1] om0l TEOXUMET TV aradiax “amovitpman” (NO, ® NO, ® N,). &
aut6 OVPPGaALEL EXTOS A6 TO XS BABOS TOV VTIGYELOV VEQOU et 1) aTovoict OUYVOV aVTAoEWY, dtadixaoia 1
omoiat fa drevadhuve my eEagowon tou aldrov. EEdLov ot avihijoeic UTTOYELWY VEQUIV elval TOA TEQLOPLOpE-
veg emfefardvetar xow and my amovoia Quivopsvmy vgakptiowong arxé Bahdoota dueioduvon (ay.6), mhnv
EXEIVIG 1) OmoiCt OQETRETAL OE QUK aiTiat.

H petagood pimmv péom tov empaveiandy wropgoy ad TMEQLOYES TO UTOPOKOUOUEVES Do TOETEL VL, (t710-
#AELOTEL yLa SUO AGyOug: TOMTOY YLaTi oL Aendves ATOPONS EXTEIVOVICL O€ TEQLOYES GOV SEV VEIOTONVTOL (rypOTIRES
HOUMMEQYELES, b OTTE %an coTnéS SpUoTOIGTTES RO detitepov Gheg o1 devyparohmples, o omoleg moeypoTomoL-
Tiray O ETUPAVELIHA VEQ( OE OUYHEXOLLEVOUS OTaOPOTC napaxokoitnons (vdgoomueia 60, 61, 102, 103, 104, 105,
106) (oy. 1) amédeiEav 6u 1) mapovoia Twy NO', eiveu mohi meptouopév émg pndevuar (TTINLIIT),

6. EYMIIEPAZMATA

Ovumdyetot vdpogéot oy aotixn Lovn Kahaudrog S€xovron pic poviun emPaouvon and aotind Mipata,
T OMO{t RATCMYOUV 0T VAGYELR VEQD £(TE ECWH HTOQOOGNTLHGY Bobowy xa anwhewdy Tou dxtiov wmoyE-
TEVONS, ECTE P RATE(OOUON AGYW amboonpng AupdTony oV EmpaVELT Tou eddgovg.

To yeyovdg du o T Ty NO', Siommponivean péviie vpmiée onpaiver 6m AEVOS VQIoTOVTOL POVIPES
TNYES UTAVONS % AQETEQOL GTL 01 diepyaaiec avToraHaQLONOT TV VIGYELWY VEQWY Eival TEPLODIOUEVE.

Agy TaoamEOTVIaL PAVOILEVH SLOXOUE CUOOWEEVONS, #1 AVTG TOOKVTTEL 0Tl IS GRAVOVIOTES OLOPOQO-
TOMOELS TWV TULHY TV NO,.
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Zy. 1 Tewhoyinds ydorng xar vogoonueia magaxolovtnons
Fig. I Geological map and hydropoints of control

B,

-).Tz. 2 ToomieCopeToixnos zéémg TEQLIdOU Iavag:‘w 1996
Fig. 2 Map of equal-potential lines of January 1996

- 1938 -



Ix. 3 iV

2. 3. Ta&wvounon derypudrov vegor amd Tovg vAGYEIOVS VOPOQOPOUS cVvoUTEONS Teioyifs Kalaudrag.
Fig.3. Sorting of water samples from aquifers of greater kalamata.

it L ;
Zy. 4 Xdotig toovitpixav xaumwvldav mepiodov Zeateufoiov 1995
Fig. 4 Map of equal nitrate’s lines (period: September 1995)
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Xy. 5 Xdorns toovitpixav xaumvldv zeptodov favovapiov 1996
Fig. 5 Map of equal nitrate’s lines (period: Januaryr 1996)

Zx. 6 Xdomns tooyidgiov xaumvidoy megiodov Zexreufoiov 1995
Fig. 6 Map of lines of equal cloride (period: September 1995)
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EAEI'’XOX THX IIOIOTHTAZL TQN EIIIPANEIAKQON KAI YIIOT'EIQN NEPOQN THX
EYPYTEPHX IIEPIOXHX TQN OPYXEIQN TOY AII'NITIKOY KENTPOY
IITOAEMAIAAL — AMYNTAIOY'

X. ZAXANIAHE', @. TAYAOYAAKHE'

ZYNOWH

TV TapoUoa £QYQaies THQOVOLGLOVTAL OTOLZE( TOLGTITAS TOU VEQOT TOV (VTALOOTUGImY TOu AtyviTiHon
Kévrpou [Trorepaidog — Apuvraion ot Tov p€patog Zovhot, T0 0T0(0 WOTELE] TO QUOIXE UTODEXTY TG HEY-
Miteng ToooTTag TV avthovpevay vepdv. Ta tapamdve otorEein avimapafdilovia te otouEin moldt-
T0C TOV VEQOU TV UOQOYEWTONOEMY TS (dLag TEQLOXNE OTE Vo dtamotwiel 10 péyebog e oot vofdl-
JOTC OV CUVIEAEITOL TG TNV ELOQOY LITOYEIOU VEQOU OTIS UVOLYTES EXORUPES TWV 0OUXEIMY, #abig ®at 1)
OUPIOOQMOT 1] n pE Tovg wytovteg mepLfakhoviirotic Gpove. Tehog, mapovodloveal evaihaxtinéc pédodor
VUL TNV AVTLPETHTLON TV UTEQRAOEWY TOV TV OUYAEXOUEVOV TUQUUETOMY TOLGTNTUS TOU VEQOU, OE OYEan
HE TOUS LoYVOVTES TTEQIPadhoviiiois doove.

SUMMARY

The present contribution concerns the quality of the water pumped from the open-pit mines of Ptolemais —
Amynteon Lignite Centre to the nearby river Soulou. The pumped water, which is collected in pumping stations
located on the bottom of each mine, enters the open-pit as precipitation and mainly as groundwater inflow.
Therefore, the comparison of the quality characteristics of the groundwater and the water of the pumping sta-
tions gives an estimate of the quality degradation that occurs due to the water flow in the mine.

The lab analyses conducted the last 5 years have proved that in the most of the cases the water quality meets
the environmental standards that arc in force. Some exceptions occur for certain parameters, such as suspended
solids, total dissolved solids and conductivity and occasionally, for hydrocarbons concentration and color.

Among the alternative water treatment methods, which are presented in the following paragraphs, the con-
struction of sedimentation basins is considered enough for reducing the concentration of suspended solids, total
dissolved solids, and the conductivity of the water that outflows from the pumping stations to the river Soulou.

AEEEIE KAEIAIA: TMowomta vepou, Mepifadlovan vopobeaia, Avyvitne, YraiOoww oovyeia, AKTI-A, péua
Zouvhov, Aipvn Beyopitida.
KEY WORDS: Water quality, Environmental Law, Lignite, Open-pit mines, LCP-A, River Soulou, Lake Vegoritis.

1. EIEAI'QI'H

To Avpviund Kévrpo IMrokepaidag — Apuvraiov (AKIT-A) amoteleitor and 5 vraibowe opuyeia e ouvoht-
wij enjoue Tapaywy hyvim mov vrepPaiver Ta SOX10" tn xaw ouvolxés exoragéc e TaEng Tov 235X10° m?,
Ta mapamdvn peyedn eival apxeTd Yo va YIvEL avilnmtd 61t o peydhov peyédous opuypate Twy opuyeiny,
HUOIE CUTWY TTOV AVATTTUOoOVTUL O pEYdho fdbog xdtw wrd Ty em@aveic Tov vdpoEEEoY 0EICOVT, RUL O
amobETELS ayGVmV VAKMY TOOTOTOLOTY OMIOVTLXG T 001] TV ETLPLVELURMOV #otl VTIOYE(WY VEQWV, peTtafdiho-
VTag TUPAAANAC TO TOLOTIAG YUQUHTIOLOTIRG TOVG.

Kdbe opuyeio duabéter Eva xevipnd aviAooTdolo, ammoTe OTREVO TG JLct VoL TI] EXOXAG, OT1 XepunAS-
TEQY TOTOYROQIXG DO, nat £va povipo aviintixd ovyrpomuo. Kdbe avthootdoo ouy“evipivel vepd moo-
EQYOIEVCL UG Tt ATUOOPALOLAR LUTUXRONUVIOILOTO %Ot XUQIWE TG TIE ELOQOEC VITOYEIOD VEQOU 0TO GRUYLL TOU
opuyeiov. Ta vepd Twv avrhootaoiny Ghwv Twv opuyeiny, extds Tov Opuyeiov Apvviaiov, aropfdllovial oto
TaQoxrelpevo pEpa Xovhot mov dwaoyiCer mv eEetaldpevn meLoy and to Noto mpog 1o Boopd (Euwx. 1).

* MONITORING AND CONTROL OF THE SURFACE AND GROUND WATER QUALITY IN THE GREATER AREA OF THE
MINES OF PTOLEMAIS - AMYNTEON LIGNITE CENTRE
1. Section of Environmental Protection and Land Reclamation, Ptolemais -~ Amynteon Lignite Centre, Ptolemais 502 00, Greece
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Ta Tapamdve OTOYE e ATodEXVIOUY GTL 1) DIEQETVION TN TOLGTITAS TWV VEQWY TWY GVTALOOTAOTIWY 1OV
oL emBePAnuévn agot enneedlel onuovTid TV TOLGTTO TOV VEQOU TOU RERATOS ZOVAOU #at XATd OelTE(
A6yo TV mowdmTa Tov vepou mg Alivng Beyooindag, omy omoin exfdiher 10 pépa Zovho.

2. IAPOYEIAXH YAPOAOI'TAE-YAPOTEQAOITAL THE IIEPIOXHE KAI YAATIKOY IZOZYT'IOY

To AKIT-A #atahapfdver 10 #eVTourd Tijpa g svptiteons vdpoloyiarg Aendvng Mrokepaidag - Apuvre
ov, Tot TEdIVA TRpaTe TS oMol £Youv PECO amdiuto vpdpeteo 620 m. To thpog TV PROXOTTOOEMY AVPAY
Ta amd 400 mm ot edivd fwe 1200 mm ot opewvd (TOATKAX 1997, ANKO AE 1992, EOGIATE ITTOA!
MAIAAZ 1997). O telxdc amodéxme Ghoy TwV EMQUVELUAMY VEQWY TG EVOUTEONS VdROLOYINIC AERAY
[Trohepaidag, ©oTd CUVETELR HO TOV VEQWY OV TaodyovTal ard Tic dpaomoewdmtes g AEH (opuyeia AKI
A zau Atponhextoroi Zrabpol) eival 1o e€pa Zovkov, wjxovg 30 km xepinov mov drwg poavageptnue &
pakher om Lipvn Beyopimda. Ta veod tov opuyeiov Apvvraiou za tov AHE Apuviaiov exfiahhovy om M
TTeTv, T VEQQ TS OTTOlUS e T OELQA TOVS EXQOQTICOVTAL TOOS T Alpvn Beyopitda, péom xapotinng dode
o TAPEoY ®ovid oto ywelo Ay. Iavreleruovag.

Avahumrdteon, oe 611 agopd Tig dpaomoidmreg mg AEH, o ouvolrdg emiotog avTAOUPEVOS GYROS VEQL
outé TOr AVTAOOTAOIL TV 0pUYEiwY avépyetan ot 15X10° m*, ad o omoia ta 9X10° m’ amofdrhovian oto p€}
Tovhot (opuyeic hexdyng Mrokepaidag). To vadhowta 6X10° m® ov mpoepySueva (s 1o opuyeio Apvvaic
%o aofdlhovial ota apdevuxd navdiie TS Asrdvng Apuviaiov e Telnd amodéxty m Aipvn Tetpav.
eneEepyaopéva vyod ardfinta twov AHZ Ay, Anunroiov #ow Kapdide, péong emjolag maooyis 12X10° n
amofdhhovian oto Eépa Sovhol avdvin Tov TIjRATOS TV opuyeiwy, evd tou AHZ [Trolepaidag, mapoy
5X10° m*, oto zardvm Twy opuyeiny Tuipa Tov pépatog Zovkov. H uéon enjowa oy tov pépatog Zovk
®ardvm ov AHE TITOAEMAIAAZE Eentepva ta 20X10° m* (AEH/AKIIT-A 1999).

e GTL Apod TOUS VOPOYEMAOYIXOUE TYNUATIONOTS, Ol ONUOVTIXGTEQOL Eivan Ta veoyevi) Ihijparta g Aex
g #a ot xapotixol towadiwoiovpaoizol aopeotéhbor mg neprooeviis Livng Bepplov, Aoniov, Béovou »
Bdpoa (YAPOT'AIA 1980, TTATIAKQNITANTINOY 1982.ZTAMOY 1991, MEAAAIQTHZ 1996). H omu
VIGTeEN VHROEOEIL aVUTTICOETOL VOIS EVIOS TWV VTEQUEIHEVY TETUOTOYEVMY JUAUOMV TOAICTOWHATI
BHv VOPOPOREWY TOV EMPEQOVS VOQOYEWMAOYIROIV VITOLEXUVMV IOV dtagrmoiovral PeTaEl Toug amd ey
dhparog petamtdoels ®ol eEdppata, o ool dtapop@ovory ®at #abooovy TIg YUQUATNOLOTIRES HOQPOT
RTOVIXES DOPES TOV TUUITAV® VITOAEXUVAV, T EMUPUVELOXA OUVOOd TOVG, %atfug enONG 2o ToL LIGYELL VO
#prTd oivood Tove. H 1oogodooic Twy vdoogopémy opeiketal xuoing oty *kateiodvon - dujinon Tov pete
QLAY XATAHONUVIOUATOV Ol HEQLAMS OTNV TAEVOIXI TOOQOd0UIN (Té TG KUQOTIXES TEQLOPEWVES Liveg T
AERAVIC.

3. EIITITQEEIZ ETHN ITOZOTHTA KAI IIOIOTHTA TQN NEPQN AIIO THN EEOPYKTIKH APAETI
PIOTHTA

O eEopurtinéc dpaomerdmreg Avyvity mov avarticoovial omyv evputeon meploy Mrokepaidug petafd
AOUV T TOLOTIXA KO TOTOTIHA YUOUATOLOTIXG TOOO TV ETMPUVELHXGY VEQMDV, GO0 %ol TV VTOYEImY 1O
pwv.

Emgaveiaxd vepd

Ta mpoPhipata oty dtayeloLon TV ETPAVELHHY VEOWHY avEdvovTat nabog UEGVETAL 1) EXTOOT IOV XAT!
happdver #abe vraiBoia expetdhhevon hyvit), 1 omoio amoTeAe! OVOLHOTIXG Uit TEXWTA OLUUODPUHEVT |
dpohoyua hendvn. H eEopuxrtin] dpoomotdmra petafdhhel #Upue OV ETQAVELCAT] QOT] ROL TV CUYROATIC
TWV VEQWY IOV (PTAVOLY 0TO €8O HECH TMV UTHOCHULOIHGV ROTURONUVIONATWV e TOVS axdhovBoug To
ToUG:

—  Me mv Tpom0MTOMON TG QO TWV VEQMV, AGY( TG KATAOKEVTIS TEXVITAY Ravahmy 1j T dievbemon
QONC UGV PERATOV TTOV TTEOUOY Y aTNY TEQLOYT]. XapuroloTind Tupdderypa anotehel n dievbet
on e #ofmg Tov pépatog Tovhot ToxELEvoL va eEummpeBel 1 avdmruEn Tov opuyeiov Notiov TTedic
®an vo daogadiatel 6t dev Oa vEdpEeL draguyn] VEQOT (G TO Q€N TROG TO GOUYHLL TOU OQUYEIOV.

—  Me v adEnon mg potjg Tov PEPaTog ZoUAoU Rol TWV ATOOTOUYYIOTIHOY TAPOMY TOU 0QUYEIOV ApPUVTaio
ToL omole dEOVTaL Ta. VERG OV avTAOUVTOL (Td TLg YEWTPIOELS VOPOAOYIXIS TPOOTUOINUS KAl TA AVTALOOT!
OLOL TV OQUYENWV.

—  Me m) peiwon me xareloduong AGym g aTopdxQUVONS TOU EdU@IROT RUATHPUTOS KoL TG CUpItiEONS T0
VARMV ETUPAVELHC, 1] IOl E(VaL avayraio YL TV ROTAoReVT) dOpmY, E0YoTuElwy, OUVEQYEIWY, ¥TLOlW
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nhm.

—  Me 1 petafoirj Tov Tomoypamol avdylugou g TEQLoKs AYm Twv auEnuévay #hioewy ota Tpavij T
amoBEGEMV ayGVeV VARGV Rl OTLs BABUIBES ®aL Te POVLILE TROVT] TOV OPUYRATOZ TOV 0QUyE(OV.

—  Me mv amoypihoom mg PAGOTHONE ad PHEYAIS EXTOONG ETUPAVELES.

Yadgyeia vepd

H exoraq Twv 0QUYEImY €(EL 00V CUVETEL TNV (WTOXOT TV IENUATOYEVEHV VOPOPOQEMY HUL TG EXPGOT
aiic ToVg OTet avouyTd mEavij Twv opuyeimy, exdnhotnevn vId popeY guows arootpdyylong. To mdixog T
VTEQRE (UEVV TOU MYVITIROU ROUTGORATOC LENPATOYEVHIV USQOQOREMY RUPAIVETAL (TG 5 M OTO £SO TEQLC
yic Kopdvou €wg 150 m onig fabitepes tertovird meproyég (opuyeic Notiov ediov xat Apvvraiov). Qg arnc
TEAEOIX TNC GITOXOMIS TWY VOPOPOPEWY TapaTpovvraL Ta eEG:

—  Tdom ™ otdBung Tov vdpopSpou 0ToVTa AGYw TS GVIANGNE VEQMV U6 TS YEWTENOELS TEOTTAOIOG TTO
dravoiyovral yipw amé to dpuypa Tov oguyeiov. H éxtaon mg meoloxic omy ooia Tapameeital T
otadune xabopitetar ®ipLa amd To VOPOYEMAOYIRG YaOuATIOOTIXG Tng TEQLoYYg ®aL and to fdabog To
oguyeiov.

—  Metafoki e eorjg Tov vmoyeiov veQoy, T600 xatd T AerTovyic Tov 0puyEiou 600 ot PETA TO TERUS TN
grpetdhhevang, Myw (o) ™e SlotdoaEng e OTEWUATOYQUGINS OV TEQLOY] TOV 0QUYRATOS, TO 0700 ElT
UEVEL REVE, EiTe TANOOVETAL BE Gyova VAxd, xa (B) TS oupmtieons kot eEAMToNg Tpogodooiag Twv yewhoy!
MOV OYNPUTLOPAY TTOU OVOTTTIO00VTEL ®ATM ard Tig eEwTepinec anobEoeig.

—  IBavii pimavon tov vdEoGGEWY, 1 ool eivatl duvatd va OUpPEl pe ™V *aTel0dUON ETPAVELARWIV VEQH)
TOU OPUYELOV OTO LITEDUPOC,

4, ATIOTEAEEMATA ANAAYIZEQN ITIOIOTHTAL NEPOY, ME®OAOI KAI YAIKA

Ta ouyxevTpwTind arotehéopata mov xapovatdCovron otovg IMivareg 1 wou 2, Baoifovral o8 peTErjosig no
noayparononifnxay ara mhaiow 10 Seryparodmrév mov mpayparoronidnxay my tedevtaia Setia and v
AKII-A, olpgova [iE TLg EXAOTOTE avEy®es Tov avipetdmiay ta opuyeic. O Béoeig derypatodnpiog watave
povtay oe Gha Tee 0QUYEle (AVIALOOTAOL ®aL YEWTENOELS) #al O 3 onpueia 1oV PEpaTog Zovkol (avdvm, ov
HECO %l ®ardvm v opuyeiwy). Tnv tekevtaic 3etia o1 avahioels dieEdyovial mo ovotnpanird, evd Toay
paromolotvan ®ow eEEWdIReVIEVES avolioels g ouvEnelt Tov Teofalhoviiudy GowV oV VIOYQEOUTUL Wi
eqaopsoetn AEH yeviud oto henavorédio [Trokepaidag - Apvvraiov (AHE: KY A 69269/5387/25.10.90 [PEK6T7¢
B], KYA 29827/19.07.96 , AKIT-A: KYA/29269/19.09.97 [YTIEXQAE /AEAP@]).

O\ TEPIOOGTEQES YNIES avahioELS Eytvay ota ynuxd epyaonijoua v AHE tou kexavomediov, oto Puot
noynuré epyaotijowo Touv AKI-A xaw opopéveg ota Ievind Xnueia tov Kodroug Koldavng . droowves
‘Epgaon 8§6nxe ®uping oty avdhuom g apumvics Tou omoTeAel T0 #UELOTEQO TEOPAUA TOV VTOYEIWY VE
o6V Tov AKIT-A %at yevird 6hng mg mepLoyiis xou iaitepa Tov fabdénv yewtproewy mov foioxovial evics )
REQAOUENS TWV Ayvitikdy wortaopdroy xat dwotpvovy autd. H mpoéhevon mg appwviag ogeitetar om
ETCLPY] TOU VITGYELOU VEQOT PE Ta uTLKd Aelpava waw To Myviurd ®oltaopa mov fpioroviar oe fabn ané 1
500p (ZEAXANIAHZ et al. 2000).

A76 10 amrotehéopata Tov Tivaxa 2 TEorUATEL 6TL OTQ VITIGYELR VEQQ OL CUYREVIQWOELS TG UHWVIaS UTTEC
Baivouy T avitepa Beopofemuéva GoLa, EVE) YL TIG OUYXEVIQWOELS OLOQOV TUQUTNQEITUL OQLIK vnépfoac
pévo ota xevrpwd tjpore tov AKIT-A. H mpoghevon g aupwvicg ogeiletal oty £nogr 100 VIGYEWD
vepoU e T gurind Aepavae xat To Ayviiré xoltaopa wov foloxovrar o€ fdon 10 emg S00 m wow evromileto
uévov oroug Pabeic vOPOPGPOUS 0PILOVIES TOU CTRMUATOYRUPLLA PEIoROVTAL %ATW GG TO AYVITIRG %O(TO
opa. (EAXANIAHE et al. 2000). H mopomotpevn xatd 1émovg oouuxi véofaon mg ovyrévipmang owdjoo
uéoa oug ropeopéveg Ldveg Tov vdpogopia ota opuyeic Bopeiov Tlediov, Kopdvou xar oo Biopmyoavin
STuyrodtnua amodidetar oty napovoia oEediny, avbourirdy 0purTiY, covkgdiny Tov owdjoov, agythnd
00URTAV, APPUBGAOV, HEQUAQUYLHV %ol BUOLXMY %ot VITEQPUOLLHY TETOMUATWY TTOV TEQLEYOVTOL OTIS PP
%E€C EVOTOWOELS TGO0 TOL oynpatiopol [Tpoaotiov, 600 Xl TWV VTOXEUEVOY TOU AMyVITILol #OITdopatog 1
poTa.

e Ot aopd TO. ETUPUVELCHE VEQO, OL THOAUETOOL TOLGTHTOS OV EEETACTIXAY KUTATATOOVICL OE (PUOLKOYY
o, opyavolnrirove, urpoPloroyirots, ot avemBipnteg ovoies xou oe TOEMES ovoieg wan fapéa PETaAAC
An6 tov Iivara 2 Toriatel 6Tl OQLOUEVES HOVO GG TIS PUOLZOYNIUAES TOQUUETEOVS VIEQPAivOLY Ta GOl
mepaTEEiTa uxpY opLaa vEppaon. Avakvtxdtepn eviomiamuay oL axéhovbeg vepfdoEls Twv oplwv:

—  duowmoynuréc Tapduetool: Aralvuévo okvydvo: H vépPaom ogeihetar otov prj evederyévo tpdmo dety
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patohnpiag, AGyw EALENNS EDIXIC CUOKEVTE, ROl ATTOPEOGNONE 0EUYEVOU TS GTHO0QPAIOUS RoTd T diudp-
#Ew g deryparohmypias. O guotohoyirés TIpeS, olpgova xat pe to PLphoyoagixd dedopéva Tov péparog
Zovhov, dev TOETEL Vo EETEQVOVY TO 0p10. Aywyrudtyra: Aev Bempeital onuavt) TaoapeTpos. Ynepfd-
oe1g v amd 1000 ps/cm mooapotviat ota avtAlooTdote twv opvyelmy Kopdvou rat Apuvraion.

—  MuwpoProhoyirés maupapetpor: Aev tapampotvial vieppdoets. EEatpeon amotehotv delypata tov guihé-
ynuray om yéguoa Kopdvou, n omtola amodBeTar oy #2001 GOTIZWV ARETmY TOU ANpotinol Alapeoi-
oparog Kopdvou oto pépa Zovhot.

—~  Opyavoiruxés mapdpetoor: Xodua: Noapamootvion vieoPfdoels o8 2 Hovo avahioels Tow agoponv Ta
opuyeln Kopdvou xar Apvvraiov. H vrépfaon tov opuyeion Apuvraion eivat ootox.

—  AvembBipnteg ovoleg: Arwootineva oreped (S5): Extdc tov avrthootaoiov Tov opuyeiov Kapdudg, oL meplo-
OGTEQEC UETOOELS TV VTOLOITTMV 00U EIWY vEQPaivovy T dour. YdooyovdvBoaxes: H mapovoia vdpoyo-
vavBpdrov Tdve oo 10 0QLo, O OQLOPEVES PHETONOELS BEWEETL OTUTIOTIRA TUY oo %o Gyt povipn. Olixd
Swadvpéva oreped (TDS): Zta vepd Tov avilMootaoiov emxpatoty 1o avBpaxind dhare tov Ca »o Mg.
[Mpaxrtnd mapatmeeiton vrépfaorn o oha to aviiootaowr. To vrdoyov 6o Twv 600 mg/l, To oroio opile-
Tl o6 Tovg mepakhoviikonc 6poue Tmv AHX tov hexavomediov, eival TOAD uxE6 av Angbel voyn dtun
odnyia 80/788 tov Zvpfoviiov Tov Evownairdy Kowvonjtmy 0pilet mg Héyiom) EMTOERT] OUYLEVIOWOT 0TO
AGo1o vepo ta 1500 mg/l. H UmapEn StthUHEVDY OTEQEMY OF TETOLES OUYREVIOWOELS eV €L eMOOUON OTO
TEQUPARMAOV Hott GUVDEETIUL GUECT [E TIC VYNAES TIHES ay@YLRATNTAS o PeTontnrav.

—  ToEweég ovoieg, Paoga pétarha, 1yvootowyein: Aev TapamEETOL ATOMITOE Ropuicn VITEQPUON ®al OL CUYHE-
VIPWOELS EIVOL TTAOC TOAMT JURQES O OYEON [E T 0L,

Ta dpyava zot ot pédodor mov yonowomonjdnzay yie o deSaywyn] Ty avaAlTENY TV TPOUVAPEQOUEVHV
TUQUUETOWY TOLOTITUC UVUEEQOVTUL OF OXETIXY] dnuooievon twy Zayavion ®a Adoxrov, 2000.

5. METPA ANTIMETQIIIEHE THE PYIIANLZHE TQN NEPQN

Ta eqpuopolopeve amd 1o AKIT-A péTon avIETOILONS TS QUTUVONS TWV VEQMY OV TRORAAETUL (TG TNV
eE0QURTIXY DQOOTNOLOTNT( RATATATOOVTAL 0T %ot yopie Twv Tookyankmv Hétpwy. EWdimdtepa, o8 6Tt apopd
TN QURAVOY TOV ETLPAVELUHREOY VEQWY, TOOREIHEVOL Vo TEQLOOLOTEL 1) dtdfowan twv edamwv xat 1) ardbean
inudroy oe emUpavELaxols aTodERTES Eappotoval Ta axrdhovba pétpa:

- Meiwon 1wy xAlogmv TOV TOavY Tov Telndv arobéoewy. To pétpo auto epuopdletal €Ton wot ahhng yuo
Léyovg mov emPAALEL 1] EXUETARAEVON TOV OPUYEIMV VLT TV HOPEAELL TOU TPOOWITLXOU KL TOV EYAUTHOTA-
OEWV, apol Eival (peca CUVOEDEREVD e T Helwon Tov ®ivduvou ratolobioewy.

—-  Meimon TovU jous TmV ZEXMUEVOV ETUPUVELHY TV TEMRGOV amobéoewy ot nataoren] avafabuidny
TOOXELUEVOL v gAY OE( 1) T UTTO QOIS TOV EMQPUVELHRWDY (TOPEOWY oV oupfdhhel Deturd ot didPow-
o1 TOUL EDAPOLE.

—  AevIgo@iTEVON TV REXAPEVOV EMPAVELDY TOV atobEoewy, wote va avEnbel n dieioduom Tov vepou ato
VIEDUGPOS HUL ®UTd OUVETELD VO HELWOELD 1) TOOGTTA TOU VEQOU TTOV DEEL EMPUVELCHAL.

~  Kataoxren] tagomy ot emiheypeves BEOEIS TEQLUETOIRA TWV OPUYE(WY TOOKEPEVOD Vit HELWBOED 1) TEOPOdO-
OO TOU OQUYEIOV PE ETUPUVELOKA VEQA (LEUDVOVTUS OVOLHOTIRG THV EXTAON TNG VOPOLOYIMIS AEHAVIS TOO-
PodOOIHS TOV OQUYEIOV).

~  KaBitnon tov cuwpotpevmy otepedv oe ®atdiinia oxediaopéves deapeveg 1 texvntég Apves. "Hom €xet
mpotabel wow dlepevvdTal 1 rataoxery Do eV 0elpd ouyrowmvolvTtey vraiBouwy avorrtwy deEapevav
wuBiCnone yia wdbe opuyeio. Ta avrhotpeva vepd twv opuyelmy Ba odnyoivial otig vraiBoieg deEopeveg
»aBnone. otig omoieg Do mapapévouy yua 24 mg 72 Hpeg vo oty cuvexela Ba duatiBeviol OToug emLpaveLa-
#ovg amodéxtec. Eva tétoto €oyo Ba Mioew ovaiaotird 1o mpdpinpa e vréofaons tmv opiny 600v agopa
TIC CUYREVIOMOELS CULMPOVIEVIY OTEQEWV, OMHAIY OLEAVUEVIIV OTEDEMY XL EV LEQEL OOV (UPOOE TV Ly m-
YLLOTNTO RO TO YOWCL.

T& 0t aod Ta VTOYELL VEQ(, 1) GVTANON VEQOT Utd TEQUUETOIRES YEWTONOELS TOOOTAOUS TOV OQUYEIOY,
TE0U 06 TO GTL TEOOTATEVEL TCL £QYQ H(ut TOV €E0TAONS expeTdhhevong #ot cvEdver my evotdbein Tov moa-
VOV PELHVOVTOS THY TEON TV TEOMV TOL £dGQoUS, iropel va DewoenBel 6t ouvelopepet Betind ol oty TpooTa-
ofa e mowdmrag tov vepol (AOYAOYAHE, 1990). Ot yewtoiioeig autég epmodiCovy 10 UIGYELO VEQD va
ELOEADEL 0TO GOVYHE TS EXPETAMLEVONS ®at v eTBapUvOEl, HEGW PUOLKGIV ®oL YNIAGY OLEQYaoWY, HE dud-
gopa ovatatizd tov vrofabpiovy Ty moLdTNTA TOU.

Téhoc, ot PETEo TEOMYNS TS OUTUVONS TWY VEQUY TWV 0QUYEIMV EVIAOOETAUL #at 1) ardfeon amofiitwy
dapopmY THTMV, TO OO TAQAYOVIUL EITE (T6 TCL (O T 0QUYEL, E(TE (TG AALES OOUOTNOLOTNTES TOV ava-
TTHOCOVTOL OTIC YUOW TEQLOYES (). COTIHG CTOQOIUPOTE TWY GHOPWY MjIwv), OE ENITEDD UVHITEQD (TG TO
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EITEDO OV AVOUEVETOL VO PTACEL 1) OTABPY TOV VOPOPEEOV OPILOVTA PETH TNV CTORATAOTAO TG LOOPPOTMI
TOU VIGYELOU VOROPOEOV pe T MIEN TV €QywV EXPETAAAEVOTS TV OPUYETWDY.

[Mépa and ta pérpa Todhnyns, xovy avomtuyel dieBvig pétpa mabntinis vou evepynTing exeepyaoiog
TV VEQUIV TTOU QUITALIVOVTOL OTTG EE00UATIXES DOOOTNOLOTTES. Z€ GTL apoOd T VEQH TV UVTALOOTAOIWY, £Y0U
#atd roupovs mpotabel 1j éxovv diepevvnBel and to AKII-A ot ardhovbeg pébodol emeEepyaoiog Twv VEQWYV:
- X Ot agood Ty pelwon e ovyxEvtowons olixay Stalvuévev orepedv: 1 p€BoSOS TS amOOHAMIOUVONG |iE

mpoothixn vdpdofectou, 1 a@UAGTON, 1] CVTIOTEOGY GOUWOT, 1] EYRUTAOTAON EWOWMOV QIATOWY dppou

nEGodOC OV AVTEVOEMRVUVTAL OLROVOpILRA, %o 1) tovioaviarhayij pe CedhBovg (BETZ, 1962), 1) omoia die-
pgvvdral o ovvdotmon pe 1) Ceolbomoinom g Téppac.
— e ou agood T pelwon e aywypudtyras: 1 agohdiwon, 1 anooxhijouvon pe rpoothixn vdpdopeatov xal

1 aVTOTROGT CONMWOT).

AELer téhog va avagepbel 611 oty TEQiTTmon Twv Atyvitmpuyeiny mg reptoyis ITtohepaidag dev avripe-
TorCeTal onuovire Teofinpua e To o¥NROTOpS GEVwV aroppoay, TEdfinua mov elivar otvnBeg oe mhrjbog
opuyeinv og 6ho twv xéopo (CLARKE, 1995). Totto ogelhetal 0To yeYOvog OTL 1) aoBeOTITIXY OUOTAOT HEYA-
LOU PHEQOVS TWV VITEQKELUEVAIV KOl EVOLLUECWY CyOVOV VAXMY TOU AyVITIXOT ®OITAONATOC ETUTRETEL TNV ETUTO-
nov eEovdetépwon twv onowwv GEvwv vdauxwy duhvpdrov mov oynuatiCovral Tomxd. Em eEdhenyn Tou
ovyrexpuévou pofhijpnaroc cuufdarher BeTind xal 0 TOGTOS TYNUATIONOD TWY ATODECEMV TOV ayGVWY VALKWY
mtov axohovBeital amd Ta opuyeia g neptoyiis. H avdpuEn vhnwy mov Spwg €ouv 1mpmio T0000Té 00y VLAY
oLOLGlY, AOTEADIVTOS £V DUVAEL TINYES OYNUATIONOU GEWVMY aropEowv, PE dyova vhud aoPeontixis odota-
OMC HaL OF TOMES TEQUTTWOELS LTTAPEVT) TEQPEC VYMATS TEQLEXTLROTITOS AOPECTIOV EMUPEPEL EMTOTOV EEOVDE-
Tépwan Twv SEwwv aroppony. Ol TaQamave TUpoTneoeLs ETaAnBedTNHOY 06 TEWUPUATIXES EXYVALCELS TTOU
deErjybnoay and o AKAM oe tégpeg »at ddgn. To pH tov aguiatwpévor vepol PeTd amd v Exmhuom
hapPaver rpéc and 8 éwg rot 13. Ta oroyeia mov exyvhiCovron elvan ®vplwe faord (Ca, CaO, MgO, K, Na,
Fe(OH),) #aw hiydtego 6Ewa (Si, Al zan Ti).

6. EYMIIEPAZMATA

Ta mowtrd YeearIELOTIXd TwY VEQWV TV avtitootaciwy Tov AKII-A xat twv vepuv Tov pépatog Zov-
AOU %l TV ATOOTOAYYIOTIXWY TAPOWY TOU 0pUYelov Apuvraiov elval YEVIRG oUpovae Be TNV ®e(evn vopoDe-
olct %L TOVE #OVOVIOROUS TOY apogolv Ta vypd andfhinta g hexdvng IMtolepaidag-Apvvraiov.

EEaipeon aroteholiv 0QLOUEVES TUAUETOOL TOLGTNTAS, GIWE TC CMPOVREVH COUOTION, Tat OMRA SLohupe-
va oteped ®an 1 aywyipdmyre. O vrepPdoeig avtég eEnyotviat oo (o) v Tapovoie TOAGV opyIArGV Te-
TOWUATOV KoL AETTORORRNS GUUOV, TS ®aL ahdTwy, ®uplwg aofeotiov xal payvnoiov, evids Tov vdpOPoEn
7oL TROPOdOTEL Tar avThootdola xat (P) Tov Teémo dvrinong, 0 omolog AVEAVEL TIS TUYREVIDWOELS OF (wEOU-
HEVQ #al OMxrd dahupuéva oTepEd.

H ouyzévipnon vdpoyovavipdxmy %l TO YOMUE TMV VERWDV TWV aVIMOOTHOlwY Tapovoidlovy exiong ma-
p0déc vepPdoeig Twv oxeTxdV opiwv. O uepPdoeis avtés anodidovial pdhhov 08 TaEaAENPELS RaL OPEA-
LA TOU TIROOWIIX0U Aettovpyiag Tmv opuyeliwy (.y. dudbeon Mavirdy oto €dugog).

Emopévag, ou povadixol empuvelaxol pimol mov ogelhel va avupetorioel 1o AKIT-A eival Ta ohund Sua-
Mpéva OTEQE, TaL CUWQOTIEVE OTEQEX ®aL 1] aywyipdre. H xataoxewr dio ev 0e1pd ouyrowvovolvimy vrai-
Bouwv avowrtov deEapeviv xubinong oe ®dbe opuyeio, onig omoieg Ba 0dnyovvial Ta VEQA TWV UVTALOOTAOLWV
Beweeltar wg evOEdErYEVT) MU0 YLt TV CVTLUETHTLOT TWV VREQPAOE WY TV 0plwV GO0V GPORG. TIS TUYAEVTOH-
OELS CLWPOUREVWV OTEQEWY, OMRWV SLaAVPEVIWV OTEQEMY ®aL €V PEQEL GOOV aQOpPd TNV AyWYLULOTNTA KOl TO
yowua.
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H ZYNEIZ®OPA THE I'EQPI'TAL YTH PYIIANZH TQN YAATQON TOY KATQ
TMHMATOZ TOY AXEAQOY ITIOTAMOY.
ME®OAOAOTITA KAI IIPQTA AIIOTEAELMATA®
N. EKOYAIKIAHE', N. NIKOAAIAHE', E. ZAITANA' & II. IIEPTTAAIQTHE'

LYNOWH

27 avnj Ty goyaoia mapovotdletal 1) nebodohoyic OV EQPUOPGOTNHE Yitt TV EXTIUNOT TS OLVELOQPOQGS
S YEWEYIag 0T QURAVON TOV vEQUV 0TOV %dTm 00U Tov Ayehdov. Ta nodta amoteréopara deixvouy, ot 1)
TEQLOYT] EQEVVAS VOQOYNIIAG Y0QanTNECETHL 4t peydhn avopotopoppica, Aoyw g dlagopetiuic TEoéhey-
0N TOV ETMPAVELLHDY VEQWY %0l TIE PEYEANS Torrthopopgpiag tav vdpogdomy. Kaboptotiud mapdyovea mai-
el N VPEAPIEWON TOY VIGYELDY VEQEV, 1] OTTOL0 OEV TUQOVOLALEL CUYHEROLUEWT) VEWYOUPLAT) RATAVOLY], KL 1)
dudhvon me yiypou Tov tladindy Aatvronaydv. Ta vrdyeia veod elvon Towotnd emPupupéva, 1duitepa Goov
aQOOG Te VITOWXG, 08 avi{DEON e Ta EMQAVELXAE, T4 OTT0lR TaQoVoLGLouy iaitepa yaunhd enimeda evioe-
v Tov N %ot tou P yeyovig mou amodidetar avriotora oe diepyaoies amovitpomoinomg %ot TOOTOOPNONE TOV
Qwopopov ote Wijpata. TEAOS, 0L CUYREVIDWOELS Tov Bpemtiiv oy Pooxi] E(vaL OUYROITIHES lte HUTES TwY
ETUPAVELRDV VEQUIV.

ABSTRACT

The methodology used to evaluate the contribution of agriculture to the pollution of the lower part of Acheloos
River is described. This work is a collaboration of the Hellenic Ministry of Agriculture and the National Centre
for Marine Research. The methodology used in this study has four components. (1) determination of the hydro-
logic and geochemical conditions, the interaction between surface and ground water and the hydrologic budget
of the area; (2) determination of point and diffused sources of pollution, and quantification of nutrient fluxes
from point and non-point sources. (3) water quality monitoring of surface waters, groundwater and atmospheric
deposition, and (4) hydrologic and water quality modelling.

Preliminary results indicate that the region is hydrologically and hydrochemically heterogeneous, due to the
different origin of surface water, and the heterogeneity of the subsurface of the delta environment. It appears
that Acheloos River is recharging the groundwater in the region of the alluvial deposits. Significant role plays
the salinisation of groundwater and the dissolution of gypsum from the triassic breccia formation. Surface water
from river, irrigation channels and drainage channels has a similar geochemical composition. Groundwater
exhibits high nitrate concentrations in contrast to the surface water that shows low N and P contents. It is
postulated that this is due to denitrification and phosphorous adsorption of soil occurring at the groundwater/
surface water interface. Finally, nutrient concentrations in rainwater are comparable to those of surface water.
In conclusion, it appears that significant nutrient contamination is restricted to groundwater while the general
water quality of the surface water is good.

AEEEIL KAEIAIA: Ayehoog, Pimavon, Ydpoynueia, Axovitpomoman.
KEY WORDS: Acheloos River, Pollution, Hydrochemistry, Denitrification

1. EIZATQI'H

H sapoiion epyaoia eivar tprjpo Tou gpevvnuizon €pyor “AEwomoinon vdpoymuxdv dedopévay tov Aye-
Mibov: Extipmon mg ouvelogoods mg yempylag oty vdatixny otmavon”, 10 omoio yoniatodoteital amé 1o Y-
movpyeio Mewmoyiac (Fevinn] Aevbuvon Eyyeopertotndy "Epyov & Fempyinay Aweplpwosnv). Exomdc Tou

* THE CONTRIBUTION OF AGRICULTURE TO THE AQUATIC POLLUTION OF THE LOWER PART OF ACHELOOS RIVER:
METHODOLOGY AND PRELIMINARY RESULTS
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£0YO0U ELVEL 1) EXTIUNOT] TS CUVELGQOQAS TS YEWQYIUS 0T PUAAVOY TV VIGYELDY 7t EMPUVELAROY VOATLV
oty TEOLOYY TOU ®dTw 00U Tov Ayehiou. [t To 0106 GuTd EPuEpcoT7E EWOI] nebodoloyia Tov TEQLYOG-
etal oty ovvexela, Exiong, epovotdlovial #aL Ta ToeTe aToTELEONaTC.

MeTaEl Tov 1) ONHELEHGY YoV oUTavong (YEWoyia, BOoxT, aTHOOQOULE XATAXONUVIONGTR #.TA) 1)
anuavTIXGTEON Efvan 1 Yewoyie. Ot YEWOYIES doaomoIoTNTES EMPUOTVOUY Tet £SAQPN ot TCL VEQG HE EVIOELS
10V alHTOU %L TOV YOOPAQOV, PUTOPHOIUAN %l BUOEa NETAAA®. PUmavon Tmv LOGTIVIY (TOdERTHV TQOU-
Lovv zou dhhec avBpwmves SpaomnoidmTes (coTind Mipoto, aroppippat, PIOpNYuvIid aopinTa, ZTvoTpo-
(PURES JLOVADEC), TOU GHIG EXOUY ONIELHE JUOUATIO, PE ATOTEAEOIC VAL E(VILL OXETIG EVROLOG, TOUO 0 TQOU-
SOOLOREE THV EMATHOEMY TOVS, GO0 e 0 EAeXYOS Tove. Avtifeta,  yewoyu pvmavan dev eivar £vxoko va
eheyyOel, Yot oL IyEg e avaggpovial oF peydhes extdoels. Iapdhinho, oL QUOL TOV TEOEEXOVTIL (6 TIS
YEMOYIAES TEQLOYEC HETAPEQOVTAL TG TO EDUGOS, OTA ENMPAVELCR( Rt VAGYELR VEQH, AVApEVTOVTaL OUEV(E
HE QUIOVE (G GAMES TINYES et VIGKLEIVTOL OF TOWKAES PLOYEWYNUIKES DOATELS Heut petaforéc, "Etol, dev eivat
£6%0h0 VoL TROTDOQLOBEL 1] CUVELOPOQE TNS YEWQY(US 0TV QUTAVOT) TWY EMQPUVELXADY L0 VITOYELWY VEQUV.
Erumpdofeta, ol tdiauteQdmTeg TS TEQLOYNS E0EUVHS, HEYGLO TEOIVE TINUO LE aoa@ES VOPOYEWAOYIXG %atbDE-
otne. (MAP'INOZE 1993, NIKOAAOY 1993) zafiotoiy 1o 6ho eyyeionua idaitego otvieto.

2. FENIKA XAPAKTHPIETIKA THE ITEPIOXHE EPEYNAL

H neotoyn €0evvag Poioretal ato tehevtaio Tuijpa T vrokerdvng tov Kdrw Ayehoou, 1) onola amotehe
pic oo Tg ToElS ®UPIES VTOAERGVES TS hexdvng omoeomijs Tou motapoy. "Exel éxtaon 314 km® #on oupmeoL-
Aopfver my eptoy, n ool tepuzheleTon petall me yéguoag mg A.E.H. wovid oty Adivn tov OCepot xau
Tou onpeiov oW ™Y exfohr] Tov Totapoy, Tou dev yapurtolteTal amd TEQLodXY dielioduon g Bdhaooag
(Zyjuc 1). To avavm 6010 ™g TEQLOYs 00iobNx®e £ToL WOTE var AgBel vIcYr, TO00 0 POLOS TG ALDOUYUS
Alpmzov, 1 omoice ouvdEeL Ty Aipvn Avowayeia pe Tov Axehto, 600 7 Tou zavahiol tov OLepot, 1o orolo
auvdéel Tov OLepd e Tov Ayxerwo. To “atdvmy 6oLo g TEELOYNS EQEVVAS TRORUMTEL (0 TO YEYOVOS OTL 1)
eMIdOoN TOV Buhaoovol VEQOU ALOLIVEL TG TIUES TWY QUITUVTIZGMV (OQOTIWY, TOV EEEQYOVTUL HEOW TOV AYE-
hdov mpog T Bdhaooc.

H foevva yia ) oupfolrj g YEWRYIOS 0T QUITEVOY TV VEQUIV EVIOTILETML #LOIE #ATAVTN TG YEPUOUS
Fovptdg — [Meviakdpov (rvplng meoox] €oevvac). H mepiop auvni tepihapfdver to ayodxmua Asowviov xal
mv medudda Katoyic-Neoywpiov, extdoeig mov duovoyninzay VoTeow ol EXTETANEVES UTOENQAVOELS ®al
OTIC OMOIEC AEITOVEYEL EVEL TURVO £YYELOREATIOTIXG DIXTVO (COOEVTIXA (L OTOWYYIOTIAG E0Y(L), OTWZ (POUVETL
oto Tyrjua 1. Aappavoviag vy n %ol 10 YEYOVes 6T 0 quotxdg vdpohoyiis #izhog Tot Ayehiou €xeL dtata-
ouyBel aé v Aewrovpyia Twv goaypdrny (Etpdrog, Kaotpdx, Koepaotd), ta onoia foioxovial omy vrohke-
#Av1) TOL PHECOU QOV TOU AYEAMOU, XUTAMYOURE OTO CUITEQUON OTL 1] TEQLOY] TUQOVOLATEL EVaL U1} PUOLKO,
arhad avBpmmoyeves, vdpoyoagIrd dixtuo.

Tn yewhoyu Sowi me meptoyris foevvag ovvBérovy: Toladird aofeotombird dohoprind xa Aatvroma-
i ue yinpovg, cofeotdhbor tov [avtoxodrooa (shagpous doropmwpévor), Mieornmvinés anobéoelg Apval-
ag qdong o ot Aemropepeic Tetaproyevels amof€oels, oL onoieg TeQULaufavouy €va peydaro Qaopa ToTd-
wwv-rotapobaldonmv-ipvobaldooimv-faitwdy wu Buldooiwy Wnudroy (NIKOAAQY, 1993).

Sy xEQLoy E0EVVaS VITAEYOUY ORETOL RaPOTIXOL (Adumoag, Axaovavikdy opéwv, Tlavaylag) wu mpo-
OyOUATIHOL VOPOPEOOL.

H mep10%1 £0EVVUS CUYKEVIDWVEL TIC TEQLOOOGTEQES OLXOVOUIXES DRUUTNOIOTTES OAGHANENG ™S AErdavng.
Ta aotzd anéBhnTe ®ow Te QUIAVTIXG QOQTIO TG (YQOTILES DOUOTIOLOTTES (WTOTEAOUY TIG ONUOVTLXOTEQES
mmyéc pvmavone. Kabig o devtepoyeviis Topéag dev elval avamtuyrévos, Ta Blopnyaviid amdfinTta efvar e-
OLOOLONEVCL.

3. MEQOAOAOITA EPT'OY KAI IIPQTA AITOTEAEEMATA

IMpoxeyévou va sxtpndel 1) exldoaon ™S YEMOYIOS 0T TOLGTNTA TWV EMPAVELLAWY KL VTOYELOV VEQUV
e mepLoync fpevvag axohovBeital 1 mapaxrdrm pebodohoyin (NIKOLAIDIS et al. 1998):

A) TpoodLoplopde Tov vdporoyol wat vdpoYEMAOYIXOT RabeoTwTog g TEQLOYS, TS ahinhemidoaong
RETAEY EMQOVELLRGOY %ol VTGYELY VOATMV ol Tov vdomxot woluyiov. O xiplog QuOLKeg POREHg YAUHuV
ETUPAVELURMY VOGTWY 0TV ®VEINE TEQLOYY E0EVVHS EivOL 0 AyeAmog. Alkn Baou] Ty empavelaroy vod-
v eivar 1 dudpuye A20, 1 omolo odnyel Ta veod ™g Avopayeiag omy meploy Epeuvas. Kabdg n wuplog
nepLoyr] €oevvag dev amotehel pua ®hewomi vdQoroyLKY] Aexdvn, yio vo TpoodoploBel To vduTnd Woliyo,
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TEENEL VoL VTTOROYLOHOTY OL TOTGTNTES TV ELOEQFGHEVOV %t EEEQYCUEVOV ATV, ZuyreROUEVa: () 1 TOOC
TTC TOU VEQOU OV ELOEQETOL (TG (VAVTY) TEQLOYES, PECW ETUPUVELRTIS amoppons (Ayehdog, A20), (B)
FOOGTITC TOV ATLOOPALOIAMY ZATAXONIVIOUGTOV TOV SEYETCL 1) TEQLOYT] EQEVVAS, (V) N TOOGTTC TOL £EE0Y)
Tat ATd TV TEQLOYY EQEVVOS ETLPAVELRRA 1) VIIGYELL XAl HEOW TOV AYERHOL 1] TwV ATOOTRAYYLOTUAGY TAQO
7p0¢ ™ Odhaooda (§) N TOOGTNTH IOV EMOTOEQPEL OTHY ATUOOPAILO PETM TS eEarjnoodiamvoris wo (&) awn
OV HATELOOUEL OTO VITEDAPOS TOOPODOTHIVTIUG TOUS VITGYELOVS VOROPGOVS opiLovTes.

T'lct TOY VTOROYLOHG TS TOTGTITAS TOV VEQOU, TOU ELOEQKETAL %Ol EEEQYETAUL EMPAVELURA HETW TOV Ayehu
ov oV #uoing TEQIOY Eoguvag, eyratactdinzay oy (0080 ®at omv €206 ™ OU0 HOVIHOL CUTORATE
arafpoi ouvexolc pETENoME ™S oTdbung Tov Ayehdov (Ex. 1). Zng dvo avtég Béoewc yvay HETONOELS YO TC
VTOAOYIOG TS dtatopric Tov Totapot. I Tov TE0CdIOIoNS TS TAPOYNS TOU TOTAPOT 0TIg o Béoeg O
mpayparorom oy vdoopetprioels and T A.E.H.

Tt ver vTohoyloBoty oL TOTGTITES TWY VEQWY OV ELOEQYOVTOLL EMPUVELIHA PECK TS dunpuyag A20, yive
viaw extiong vdpouetoroets. Mpémel va onuetwbel 61t 1 A20, hettovpyel povo xatd 1oug Beowvoig pjves, avdh
v e Tie avayreg dodevams g meptoyic. T v vtokoytafoly oL TooGTTES TOU VEQOU, IOV ELOEQHOVTCL OTY
TEoLoY] e T Pooy, €xet eyrataotabel évag PeTEwEOROYIXGS OTalNoS row OF Evet DEVTEQO ONUELD TNE TEOU
1ic €vag Pooyopetords otabude. Tia 1o oromnd autd Oa yonoyomomboiy zw DEDOPEVA GAMDV VPLOTAREVE
peTEWEOLOYIRGV oTafpdy (Zrabpdg Ayowiov, Aeowviov, Neoywoiov xar Mecokoyyiov).

H moo6uyTa Tou YEQOU, TOU EXLOTOEPEL OTNY ATUCOPAION HECW TS EEATILO0DLATVOTS UL AUT IOV RUTEL
SieL aTo VITESUPOS TOOPODOTMHVIHS TOUS VAGYELOVS VBPOEGROVS 0pilovres, Ba urohoyiolel pe ™ fordewa pew
wmpokoyixaiv dedopévav xar mg eEiowong Pennmann-Montheith (BRAS, 1990). T'iat Tov vtokoytops mg moo
TITUS TOV GTHOCPALOIAMDY RATAXONIVIOUATOV TOU XUTELOOTOUY OTO £d0POg TOUYPUATOTOLOTVTUL KLl HETQT|OE
ato nedio.

H mooéuyte vepot, mov €0y eTon and T1) TEQLOYT, PECK TWY ATOCTOMYYLOTIWY Tdpowv Ha vrohoyot:
A6 T THQOYES TWV ATOCTOMYYLUTIXDY AVTALOOTATTmY.

Tiee ToV VIOAOYLOPG TOV VduTion Loluyiov, n meploy)] €pevvag Bo pedetnOel AeaTOUEQEOTEQR OF UHOOT:
QEC VTOAERAVEL.

Me o%om6 va StepevynBel 10 vVOPoYEMAOYIRG RabEoTdg %t 1) ChAnhemidOCON HETAEY EMUPAVELHRMDY H(
VIGYELDY VEQWMV, HETE TV GITOyY0aq)] TmV oNpeinv epgavions Vegos (nyEc, NYAdLLL, YEWTONOELS), EYAATAOTC
Bnue Sintvo eoeLVNTIGY YEWTOHOEMY xeol faboue (zabug o vdRopGEos opitovias eival oA MMAOS) ¢
toryovir Sidraln, évBev xau évBev Tou motapol, oug DEoELg Tou paivovral 0To yapm (Zyqjua 1). Zvvokn
avootyBnxay 18 metdpetow (9 oto BA »at 9 oto NA tjua tov Ayehdov). H peronon mg otdbung. 6o ot
TeCOUETON, G00 %L ot TYEdLe yiveTa oe prviaia fdom yia TovAdyotov éva vdpohoyikd £10¢. ZTig TEQU
O6TEDES YEWTONOEIS EXTELEOONaY aviinunég SOXIPES Yo TOV TEOodLopIopd ™S mepatdmras. “Etot, £lvt
duvaTv va yivel xaravonmi 1) #ivon Tou vdYELoL VEQOD #at 1) tragEn n oyt vdpauhirig oyEong netaEl to
SLapéomv VEEOPEMY %L VSQOYEMAOYIRMY EVOTTMY TE TepLoXS. [t To oxond avtd ba ovvaglohoynBotv 1
QUOLLOYN IR %Ol TOL VOQOYNUIHGE YUQUATOLOTIXG TWY VEQMY TNG TEQLOYNS.

A6 Tic péxot ofipeoa petorioets me otdbung (Tovviog — Aexépforog 2000) xatahijyoupe ota £E1jc oupTED(
operre: O yaunhdtepes ataipeg epgaviCoviar oxeddy o€ Gha Ta mECSpETOM TO PHjva OxtdpoLo eved oL vymhi
tepec 10 Asxépfoto. Eniong, gaivetan 6T ot udoogioot 0piLovieg #atd xaviva Toogodototvia as Tov Ay
A0 #ow Ta VEpE dpdevong, 6mmg waL T fooy, v aviiotpogn 1OROPOQIH ATd TOUS VIGYELOVS udOPEOM
mpoc Tov Ayerdo cupfaivel o8 urpGTEQO Pubuo.

B) TTooodLoOLONGS TOV ONIELEHMOV ROl EXTUTIAMY YWY QUICVONS, TOV £idovg %ol TWV TOCOTHTWY Tu
EATEPTOUEVMY 0UTOV. H AETTOPEOS RATAYOUEY TWV ONUEIHMY XL EXTOTIRMY TNYWY QUTAVOTC TS TEEQLOY)
goevvac €xer eidn moayparomomOel. 1duaiteon éugaon d6nxe oe dedOEVE TOV APOLOTV TO eidog nat T
TOGGTITES TOV MTCOUATOV %Ol PUIOPUOPARMY, T OTOI ¥ONOOTOLOTVTAL (vt #UAMEQYELL HUtL OTO HOOY
£QUOIOYIS Tove. O InyEg QUTaVONGS oL €0V RUTAYQUEE] 0TV TEQLOYY Efvar oL ebrjc:

Snueiaxéc mmyée: Ta Mipara mg mékng Tov Ayowviov amoyetevovial ot Avotpoyeln zat, o VIOOTON
apaiwon, ®oTahiyouy HEom mg dubuyas ™mS Alpnxov oTov Ayehio ®at pEow TS apdevtixis dunguyas Al
OTIC #EAMEQYOUPEVES EXTAOELS TOU Arjoy Owiddav. Ot oruopol eEuneeTovvict o amogQOgNTILONS f
Bpove. AEV UTAOYOVY %HOOL UYELOVOIEIG TUQTS ATOQOUAUATOV, ChheL AVOLKTES YWPATEQES (Koo, Neoyu
Tovoud, IMevrdhogog, Aeoivi, Maoto). Emy mepioy hertovpyouy agretd ehatotoifeia, TUQOROPEL %Ol TG
yeio. Emiong, éouy xatayoaqel 5 00YavmpéVeS *TVOTOOQILES HOVADES.

Extomizéc mpyéc: “Exouv nomayoagel He AeTtopéoeto, o1 kohheQYOUPEVES EXTACELS Hou T E(OT TOV %ot
MeQYEWDY (vd Extao). TTEow amd T yewQyle, oMUV TOCOTNTR QUITAVTIXOT (POPTIOV OF EXTATIAT POQ|
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TOEQYETOL (utd Ty £Ae0eQN wTnvoTopite. Tt TNV %atayoagy Tov oo Twy eheibepwy Loy (dnh. autdv
TOU DEV AVITAOVY UTIC TUOUTAVE OPYUVIUEVES RTNVOTQOPIXES HOVADES) %ot TV POOROTEITMY TOVS DIUOTHUO-
VOVIUL TTANQOQOPIES (Y AL XUTOIRMV TS TEOLOYIC.

I') [TpocdLORLOUGE TS TOLGTITUS TWV VITGYEUDY XU TWV ETPAVELUHMY VEQWY XOL TOV ATHOCELOIADY #CL-
TaRQNUVIoNATOV. T 10 0%omd autd extedotiviar o prviadc Baon derypatolmpies empaveilaxdy onueimy
EPPAVLONS VEQOU ®aul yadiudy kot vabe dto piveg derypatoimpies yewtojoewy. Ou Béoeic derypatodmpiog
(2. 1) €yovv emheyel €101 WOTE VO EMNEEALOVTUL (TG OLPODETIXES TINYES QUTAVONS (EATAOELS fE DLUPOQETL-
#a €001 XOAMEQYELUS, XTVOTQOMIXES HOVADES, AOTId AIppaTa #.T.A.). Avtd Oa fonOhoet otov vrohoyiond me
OUPHETOYS »abe OlagopeTing myiic pumavong oy emfdouvon twv vepuv. N Tov vrohoyions e ouver-
OQOQAS TV EXTAVOEWY YEWOYIAWY EATACEWY OTIY TOLGTTA TWV VEQWV TOU AYeAWOL €500V eyrataotabel, onig
idieg Déoeig pe Toug cvtdpartovs otabunyodpovs, xut o cutdpatol otabpol derypatohmpics e 0%ond ™
OUAROY OELYHATOV VEQOU O TUrTA YOOVIXG NUOTHUATA #aTd TV £xOfAWON PEOYOTTOOEWY.

[t ToY €AEYYX0 TS TOLGTITUS TWY UTHOOPALOIXY ZUTAXONUVIOUATOV EX0UV £YRUTUOTAOE] POOoYOTULLE-
HTES U€ TECOEQM ONUELR TNS TEQLOYIS (T Tovg omoiovg Aapfdveran delypa fooyic petd and vabe emeiaédio,

210 wEdio YIVOVTUL GUECH HETONOELS TOV GUOZOYNIAOY TUQUUETOOV (pH, ayoypdmra, dihvpgvo oku-
yovo). Ta defypora, ninuiaoidloviar pe mpoothixn HeCl, peragépoviar vd Yign #at avariovial oto epya-
aujolo Ydgoynueiog tov Ivonirottov Eowreguudv Yddtmy tov Edvizot Kévrpov Oaidooiny Eoeuviv we oG
Sha Ta wipla xandvra (Ca™, Mg™, Na®, K*), avidvra (HCO,, SO,*, CI), tig evaioeig N (NO, ., NO,,NH*, xa
oo N) naw P (PO, ohxdg P). Emv nogeia tov €pyov, o emheypéva delynora Bu yivouy avalioeis yio
uTOQAopera, 6mwe ®ot uxpofloloyiég avahioeis. Téhog, yia va peketnOel n empPdaouvon tov eddgoue and
ToUg pUmovg Ba yivouy avakioelg eddpoug oe SLaooeTird oNpEln ™S TEQLOYNS. ENUELHVOURE GTL, 0L TOOOdIO-
oropol yivovra pe dudgpooeg emzaivmtopeveg pebodohoyies (Capillary Ton Analyzer, putopetond, Tithodoni-
O£15), EVE axohovBeiton e1di1] Otadiraoic SLoEALLONS TS TOLGTTUS TWY EQYAOTNOLUXEY aVahioEmY,

Zm ouveyewn, ue Paon ta vdpoyuid dedopgva tov emtepfoiov (Mivaxrag 1) yiverar o mowm mowote
GELOLGYNON TV VEQUIV TS TTEOLOYIS EpEuvas, pe T foribewa Avdlvong Kupiov Suviotwouv (PCA). Ta atotehs-
OpaTe SEYOLY GTL 1) TOLGTNTH TV VEQWY EAEYYETOL (o TOE(S Pudixovc mapdyovies. To Zyfjuc 2 amewxovitel ta
amotehéoparo g PCA o¢ mpog tov mpaito xaut detitepo mapdyovia, o Adyoug #alitepns amemdvions Exouy
agponebed oL DE0ELS e TIg peYahiTEQES CyWYLRGTITES, TOL ®upaivoveal petay 3290 zaw 16700 pS/em. Kupiaoyog
aagayovrag (40% mg ouvohinig petafinTomrog) eivan 1) VQOAPTOWON HEYGLOV TIIHATOS TV ChhovPlarmy v-
OEOPAQMYV, HE OTOTELEOICL OL TEQIUOGTEQES YEMTONOELS XL TTNYAdLKL V& TUQOVOLETOUY VMAES aymyldTTes Tou
OQEIROVTEL OTIC VYMAES OUYXEVIOMOELS VUTOIOL Zau yAwoiov. O devtepog mapdyoviag (ue 22% e ouvolunic
RETAPANTOTITOL) aopd T didhvom g yipou, H Stepyaoic auni epmhouTiCel GAES TIC #OQOTIRES TNYES TWV TOLUdL-
®OV AATUTOTAYOV %0l MOXETES (Tl TS YEWTONOELS P aoPéotio wat Betind. O toitog mupdyoviag (ue 15% ™me

006 [4 HCO3, (Mg) e
1 ox1 A
0.04 rs .
| AA T12 I
0.02 A
M . ?\3 l ' |
000 | A2 - oo A1 0.15 0.20 0.25 0.30
L AIM /o8 A >
-0.02 na » nz2 psa Aywy. Na, Cl, Mg
+ nf A o
-0.04 ns
0.06 |
i 1% ne ns
Py lCa, S04 & -
0.10

Zyjua 2. Noagixif wagdoraon Avddvens Kvpiov Zvviorwody (ragdyovrag 1 xar 2)
Fig. 2. Graphical representation of Principal Component Analysis (factors 1 and 2)
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Table 1. Chemical Analysis, September 2000
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OUVOMAIS HETUPANTATTUS) agopd TN QUIIUVOT HE #AAO, VITOIRA ®at olxd dloTo.

Ta delypata autd TUEoVoLGLovy, OF WZOGTEY ®ANOx, Ta eE1g v yaparmototird (). 2): Yymhdre-
pec thardmteg mapovoidlovy ta mnydadie (P) xa wdmoteg myeg (IT), evdidpeoeg oL VIGROWTES TNYEC ®au
AOTOLES YEWTOHOELS RO YUUNAOTERES Tat EMpaveLard Veod (AAZAIM). Emmhfov, oL myés emnoedlovral
amd T Sidivon g yhpou, £V 1 oTOTROY ZETOLWY YEWTOHOEMY %ol TN yadiiiv EAEYXETHL TEQLOOGTEDD CTd T)
dudhvon dokonimpEvov aoPeotoriBuy. H vdpoypeic Tov empaveidv veomv tupovotdlet evdidueon oi-
araon. ‘Ooov a@opd MY TOLGTTA TWV VEQWV, OL YEWTONOELS #at Ta Iyddie apovatdlony ) peyuititeon
VIOPADILON, [LE CUYHEVIOWOELS VITOIXWV 08 0RETES TEQITTWOoeLs > 50 mg/l. O Ayxehiiog, ot SIHOUYES ahhd ot
Ol WROOTOUYYLOTIXES TAPOOL yapurmLovial amd yeviud yuuniéc Tipéc oe evioelg alotov. Ta guogpopixnd,
pe ESUQEDN HATOLES YEWTONOELS Hout TNy ddLa wupaivovial oe younia eximeda (0,05 - 0,1 mg/l). Tevird vymiég
TIHES AoV EPQEVICOVY TR VTIGYELL VEQA, Ol CITOOTOUYYIOTIXES Tdgoot (ot 27,7 mg/l) wou wdmoleg myyéc.
TEhog, ONPEUHVOURE GTL DEfypaTa POy ESWOMY ONUUVTIZES OUYREVIOWOELS EVAHITEmY aliTo ¥t @uopsdpou,
OUYHOIOULES [LE QUTES TV ETUPUVELLKIV VEQWIV.

A) Eqoopoy] vdpohoyindv poviéhmy ®ul poviélmy dudyvong pimmyv. Me m forjfewa tov poviéhov Ba
mpocopolwboiy oL vdpokoyHES Hen vdpoyEwhoyES ouvDixeg ™S mepoyic. Emiong, Ba yiver mpocopoimon
™M OLAUONE TV PUTWV TOU TROEPKOVIL EITE (LITG TV YEMOYICL, ETE U0 GOt ApaTa, Eite 06 dhheg Spa-
OTNOLOTNTES, OTU ENMUPAVELUHA XL VTGYELR VEQX OTO %000 L 0TO ¥06vo #at o vohoytoOel 1 OUVELOPOQE Tg
wdbe g olmavong Eexyworotd. EEativg Tg ToluahoromTis TS TEOLONS, 1 EQUOROT TV HOVIEA®Y O
YIVEL 1@ ETPUEQOVS TEQLOYES — AERAVECS.

4 LYMIIEPALMATA

Tu ovpmepdopara mov eEdyovian amd Ta PEKOL ojpepn arotehéopata eivan ta e5ig: H »ivnon tou vrs-
YELWOU VEQOU YiIVET(L %Uolng and Tov AxeAwio mpog tig arhovfraxés arobéoeic. H vdpoynueic ms meploypic
EEVVAS TUPOVOLALEL OMUaVTIKES DLPOPOTONOELS TOU OQEILOVTCL, TOOO OTHV OLUPOOETIXY TOOELEVON TmV
EMLPaVELar®V VEOWV (Ayeiwiog, A20, amooTOMyYIOTIHES TAPOOL), U0 Kol TNV TOAIAOHOQPIC. TV VOQOPEOMmY
(copeotohbind ovonjpata, aofeotolBird/dokopnind hatvromaytj we yhpous, vgdahpvees alhovfiaxés amo-
Béoeig). O wiplog mupdyovras, Tov ®abopIiLel TNV TOIGTHTH TMV VEQWY TNS TEQLOYIS EQEVVAC EIVEL 1) Vadui-
0WON TV LAROUPLERGY VOPOPAOMY, 1] OTTOIM OEV TEOOVOLALEL TUYREROLLEVY YEOYOU@UAN ®atavou]. H dudhu-
1 TS YOO TV TOLUALZWY AATUIOTOY MY £mNEEdLel, TO00 T GUOTUON TMV TYEV TOVS GO0 %L TV VTGYELOV
VEQUV OTIC TEQLOOOTEQES DE0ELS derypatolmpics. TELOS ®ATOLOL VOPOWOEE(S PaiveTar Vo nNOEGLOVTL ®UQi-
wg amd ) dudhvon dohownmpEvoy aopeatohiBumy.

To emupaverasd vepd (Ayxehoog, apdevnngg dStdpuyes) Tapovotdlovy opotoyevii ynutops. Ot CUYREVTOM-
OELS TV EVOITEMY TOU GLOTOU %L TOU PUOPE00U O GLO TO CUOTNIC TMV EMPUVELAAWOY VEQUIV Poloxovial oe
yaunha eximeda, oe aviiBeon pe To vIGYELR VEOQ ToU eival emPaoupéva daitepn, pE vitord, Yymhéc tiuée
ahiov eppoviCovial, TOo0 OTa VITGYELR VEQ(, GO0 ROl OTIS (TOOTOUYYLOTIXES Tagoovs. AEloomuelnTo eival 6T
T EMmEd T TV BRENTIHWV EVOOE®Y 0T B0y Elve CUYROIOLUA PE CUTH TV ETPUVELLRDV VEQUV,

ZUPREQUONUTIAG 1] ETPAOUVOT) TWV VEQUIV TEPLOPICETHL ®UPIME OTOUS UTGYELOUS VODOPODELS, EVE 1) YEVIRA
®OAY TOLOTIRY ROTROTRON TV ETLUPUVELUAGV VEQWIV amodIDETHL 08 DIEQYUOES UTOVITEOTOMONS *oL 0T OE-
OUEVON TV POOPORIANIV EVOOEMY OTC LEIATH.

EYXAPIZTIEX

Evyapiototpe tovg #.x1. Patotipo, Awave, Apdoo, Kévipou, Kwotorotihou yue v ovpporr Tovg omy vho-
TOMOTN TOU TOOYORUIITOE.
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YAPOXHMIKA XAPAKTHPIEZTIKA YITIOT'EIQN KAI EITNIPANEIAKQON NEPOQN THX
AEKANHEI TOY ANQ POY TOY AATAKMONA®
I. LOYAIOL', E. ZAITANA', T. KAKAHE', A. OIKONOMIAHE'

ZYNOWH

IV eQYaoic (uTr] HEAETOIVIOL OL LETAPOLES TV VOPOYNULKMV YUOURTNOLOTIAWMY TWV VEQWV RAT( I{ROC THE
PONS OPIOPEVY ZAADWY TOV VOPOYOUPIXOT dixtiov g Aerdvng Tov Aldxpova. 1 hexdvn auni €ywvay
TOATILES OELYIUTOMPIES VEQOT RuL YNIUKES avahIOELS TV OEIYRATOV cutiy. "Etol zataoxevdonuay «wdpo-
YNILAES PROTOPES» TOV OE(YVOUY T1) DLHIPCVOT TS TEOLERTIROTNTAS dlapGpmv oTolyelwy 1] oldv péoa oto
VEQRO HUTA WjKOg TNE poNS. Ol PNROTOPES auTES Eyivay TE0O0 Yio TV LYY, doo ot yie mv Enor nepiodo. X
ORES TLS TEQUITWOELS (pdvnne OTL Tat tovta Ca, Mg #aw 1 piCa HCO, avEdvovrat xaw eviote palota onpaviid
%Ot Jrog Mg eo1g, eva e 1évra Na, Cl xawn piCa SO, eite pévouvy otabeod, £ite mapovatdLovy pxe tdon
avEnong. Idviog o8 vmijoke 0t rapia Tegimtmwon peiwon me i tove. Paivetat 6t ainon cuni opeihe-
0L OTO YEYOVOS OTL XATA PECO GRO (00 TEQLOOGTEPD KUTAVTL BOIORGUUOTE TAU0 TEOLOOGTEQD %OGVO TO VEOG
£yEL TUQUUEVEL OTO VITEdCQOC 1] ExEL EADEL OF emagn] e (uTo.

ABSTRACT

In this paper the variations of the chemical characteristics of water are studied along the flow of several
branches of the hydrographical network of the drainage basin of Aliakmonas river. Regular samplings of water
and chemical analyses of these samples have been made in this drainage basin. Therefore “Hydrochemical
longitudinal profiles” have been traced in this way, which indicate the variation of the content of different
elements or ions in the water, along the flow. These longitudinal profiles have been done for the humid as well
as for the dry season. In all cases it appeared that the ions Ca, Mg and the ion HCO, are increased and some-
times even significantly, along the flow, while the ions Na, Cl and the ion SO4 either remain stable or these ions
show a small tendancy to increase. In anycase, there has been no case of decrease of the value. It is shown that
this increase is due to the fact that, in average, the lower points of the river the more the time that the water has
remained in the subsoil or has come in contact with it.

AEEEIL KAEIAIA: Yooy und yoousmototzd, vOooyreS ixoTtoués, aisnon éviay, vdpoyoapnd di-
HTVO,

KEY WOOD: Hydrochemical characteristics, Hydrochemical longitudinal profiles, increase of ions,
hydrographical network.

1. EIZATQI'H

H hexdvn amopporis Tov dve pou tou Totapoll AMGxRpove, péxot 1o otafud petoioswy e Sidnotag, oy. 1,
€xer epfadd neoimov 2700 km?. Eivar puae opewvii hexdvn mov mooeplheton tetaEl Ty avatohxdy Taouqov
mg Poeerag Tivdov, Tov dpoug Bépvo, Tov dpoug Aaxio, Tov Gpovg Towhdoto. “Exet évtovo avdaylugo, peyd-
heg nhioelg dApOUE ®at pévo erdyiata TjpeTa e eival tedivd-emimede.

H eEeralopevn hendvn €xel éviovn Brdomon, diwg oo dunzd Tjua me. Avijzel 0to 9° vdamnd diapgol-
OUa TS ¥Woag ral pe PAom otoreit Twv BOOYORETOIHIY OTaOUMV Tg DEYETUL HETO ETIOLO TPOS HUTAXONUVL-
opdrwv ™mg 1aEng twv 800 mm. MEoa oty kexndvy vadeyer pua Aipvn, 1 Alpvn Kaotoouds,

Atownuzd 10 peyahitepo pépog mg Aexdvng aviizer oto Nopud Kaotoouds. "Eva juxod tprpe me avijzet
otovg Nopotg Koldvng wai T'oefevav.

Méoa om hexdvny avn €yivay vOPOROYIRES-UDROYEWAOYIXES HETONOELC-THOATNOOEIC-OEtyLaTOMiES pE
paon 1o mpoéypapna G.R.E.M. (Groundwater Recharge in Eastern Mediterranea) mov yonuatodotifnze and

* HYDROCHEMICAL SURFACE AND UNDERGROUND WATER DATA OF THE UPPER PART OF DRAINAGE BASIN OF
ALIAKMON RIVER
1. ATLO. 54006 - Becoakovinn
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mv Evpwraixi “Evwon xatd myv meoiodo 1997-2000. Oplopéva amd 1o OTOryE IOV TQOEAVPAY atd TNV 0
v £0EVVE TUEOVOIALOVTEL 0TV TUROUOH EQYAOLCL.

2. TEQAOTIKA ETOIXEIA

M ™ Tewhoyia g mEo07S €00y dnpootevBel TorhEs eoyaoies. Ou avag@éQovpE povo QUTES TO!
£Y0UV EVOLPEOOV Yiat TV TUOOT0N EQYQOIC.

* O BRUNN, I. (1956) pekémoe 6l Ty £0olteon meotoy) »at »upime my meploy Acxiov, [livoov za
Meoo-ehnviric athanog

* O MOYNTPAKHEZ, A. (1983) pehémoe mv Mekayoveaj om) dvten] Maxedovia.

* O mo %AW LuEToYEAgnoay YEwhoyind diudpooa quria mg mepoyrc of hlpaxa 1:50.000 xow eivan o
eEric: SAVOYAT, E.-MONOIIQAHE, A.-BIZON, J. (1971), BRUNN, J. (1960), [IAAZTHPAZ, B.-TZAI
AA-MONOIQAH, £T.-MAYPIAOY, ®.-KAPANTAZH, XT. (1990), [IAAXTHPAZ, B.-POZOZ, A.-TZA
IAA-MONOIIQAHE, ET.-MAYPIAOY, ®.-KAPANTAZH., ET. (1990), MAYPIAHZ, A.-KEAEIIEP
TZHE, A.-FAUGERES, K.-TEAIAA-MONOITQAH. XT.-MOSTLER, H.-AHMOY, E. (1982), SAVOYAT
E. - VERDIER, A. - MONOIIQAHE, A., - BIZON, 1. (1971), SAVOYAT, E. - MONOITQAHZE, A. -
BIZON, J. (1971).

® O TIATTANIKOAAOY, A-AEKKAZ, E-MAPIOAAKOZX, H.-MIPKOY T1. (1988) dnuoocievoay pic goyo
ofa yie v eEEMEN g Meocoehnvinic aiharag.

¢ O IIAAXZTHPAZE, B. (1984) pehémoe yewhoyid my meploy] vota tmv Hpeomav,

ACQUAHE VTAOKOUY TOMLES GALES EQYUOTES Y10l TI OTOIES DEV EYIVE GREO %01|0N TWV OTOLKEWY TOVE £dC
AOL YLOUTO OEV ®OIVETUL TROTLIO Ve cvagpepDotv,

SOpQuVE e GAOUS TOUS TTLO AV 7Ol TO YEMAOYIXG %G Tou ayijpatog 1 (ov éyive pé fidom 1o yewhoyuu
yadom ™me Ekkadag whipaxag 1:500.000 zo maoameioeis Twv oUYYOUPEDV), 1| HEAETWUEVT) TEOLOKY avijre
otic Ldveg mehayoveni, Yromehayovin (mov o8 peyaho péoog ruhinretal and whipora mg Meoo-eAhnvirr
QU %Ot EVEL A6 duTd Tjue g am Covn Tivdov.. O yemhoyxol oynuaniopoi o eppaviCovra eiva
oL o ratw (PA. oy. 1):
¢ Teraproyeveic oynpaniopof (1). Agyhhnéc amobéoeis, motdpes anobéoeig, mhevornd voonjparte whr. Te

VIR 40UV REG ThY0g, EXTOS artd T eptoyr wépLE e Aipvng Kaotopude.

*  Mohdooec oelpdg Tootuiiov (2). Tldyog mowito éwg 2000 m. Hiwia: Azovitdvio-Bovpdtydhio. Aboko
yic: woolng pApYEs, ahhd war paEYUiol PAWUTES AL XQOXAAOTIUYY.

*  Mohdooec oewpdg IMeviahdgov (3). Zuvolxd mdyog dvo twv 2.500 m. Hiwin: Olydravo-Azouitdvio
ABorOYieL: FOVOQGHRORAA HOOXOAOTEYT], WAPITES, EVOLAPEOT) #UGVT] HAQY HutL EVOAMOYES #OORUAOTTAY (DY
YUUPTOV POOYOV.

*  dhvoyne (4). Hhxia xvping noxawveai. Avijzer om Laovn Mivdov. Eivat 0 pévog oynpamiopds mg vy
[Tivéov ot Aexdvn mov eEetdlovpe. AtBoroyird Eivol Youpuumrog-poyaixos.

*  OgiéhboL (5). Awiixouvy omy Yromehayovirn Civn. Hhio "Ava-Tovpaouai. O epgavioeig ota dutine
™ Aexrdvne eguaetovy ot Lovn Tivdov.

®*  Mdppapa-Avarouotarlopévor Aopeotéibon (6). Avq:-couv omv Mehayovirrj Covy. Hhwio: Toiadixnd
Tovpaowd. “Exouvv peydho ndyos (owg 1000 m ouvohind.

*  Metaxhaoni oewod (7). Hiwnie Teppo-Towadirr. ABohoyia: dukhiteg, peta-aordles, aofeotinxol oy
atéhbot, gahalites, yhworurol-pappapuyiaxol oytotdibol.

*  Tvevolaxig mhovtmvimg (yoovimg) Kaotooudg (8). Hiwia mbavas Mbavioaropdgo.

*  Tvelolor-pappapuylaxol oyotéhibot (9). Apgipohites, augipolimxnol oylotéhbol. Hixia moohbavioa
#oopo (Mahoolwixd-Tpoxdpporo).

(O oymuamonoi 6 éwc 9 avijzovy omyv Mekayovin Cavn).
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Ix. 1. Mewhoyixég xéprng TG MepIoXrg HeAEmg

(1) Teraproyevels oxnpanopol (2) Mohdooa (gepd Tootuhlou),
{3) Mohdooa (oeipd Neviahdgou), (4) PAoxng (MivBou), (5) OpedhiBol,
(6) Mdppapa-aoBeordhiBor Mehayovikrfg (Tpiadikd-loupaocikd),
(7) Meraxhaonikr ceipd (Méppo-Tpadxd), (8) Kpuotahhmé umdpabpo
(yveaaiol, oyot6ABol), (9) Mhoutwvime Kaotopidg, (10) Egfmmeuon,
(11) Kipioi kAdBoi uSpoypapixol SiKriou.
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Fig. 1. Geological mar of the studied area.

(1) Quatemnary formations, (2) Molassa (Tsot;yli serie), (3) Molassa
(Pentalophos serie), (4) Flysh (Pindos), (5) Ophiolites, (6) Marbles-
limestones of Pelagonia (Triassic-Jurasic), (7) Postclastic serie
(Permian-Triassic), (8) Crystalline basement (gneiss, schists),
(9) Kastoria plutonite, (10) Overthrust, (11) River network.
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3. YAPOI'EQAOT'IKA ETOIXEIA THZ IIEPIOXHE
ey Ydpoyewhoyia e meplopic €50y epyacbel wal €ouv xdvel oyenirnég dnpootetoeis ot eE1jc:

* BA®EIAAHE, I1. (1983): pte duarpifin] mov ava@eéoetal zuoiws oty T€0LE g Apvne tedivn meolop.

®* FOYAIOZ,I. (1985) 0 pia povoypopice yic T Z000TI%d VO0OQODH CUOTIIITI CVOLPEQETOL HeLl UF KATOLL
OLOTIHATA TS HEAETWUEVNS TEQLOYNS.

* Ot KOUIMTZIS, TH.-SAMARA, C.-VOUTSA, D.-ZACHARIADIS, G. (1994) pehétnoay 11g ynuxeg mo-
QUUETOOVS TOU TTOTUUOU AMGRIOVCL

® O1 ODLUFT, P.-ZAGANA, E. (1994) pehémnoay 1o em@uveLzo vdpohoytxo tooliyio tov Aldrpova.

®  Exiong ot wg v oo epevvnieg ZAGANA E.-UDLUFT, P. (1999) pehémony 10 vdpokoyixo wwoliyio nat
HOVTEAOTOMOaY T1] A%V Tov Ahldrpova.

®  Téhog 1 ZAGANA, E. (2000) ot dwatoifr] e peAémoe 10 vdumizé 1ooliyio #al 10 Yxé goeTtio otov
TOTAPG Aldrpova.

4. YAPOXHMIKEE ANAAYXZEIL - YAPOXHMIKEX MHKOTOMEEL

‘Onwg mpoavageotxe péoa oto mpoyoaupa G.RE.M. éyivay Sudgopeg v800YEMAOYIRES E0YUOTES HETUED
TV OTOIWV #AL P OELOA DELYUATOA LAV VEQOU %a ymundy avalioewy. To onuele Serypatodmpiag divo-
VIa OTO %AoTN Tou ayjparoc 2.

2. O1 eiodoL #atd TIg 0moleg EYIVaY OELYUUTOMIPIES Xat UVTIOTOULES YNMIKES avahioeLg ftav: 1) 4-5/4/98,
i) 29-30/6/98, iii) 4-5/10/98 nou iv) 2-3/4/99.

H mepiodog 4-5/4/98 1jrav apéomg petd amd pie fpoyi ®o ™y TiEN TOU ¥LoVIoU Piag HEYEM|C (LoVOTTWoNg,
ETOREVINS PHECU OTO VEQO TOU VOQOYOAPLLOU SiATion LIEyE HEYEAN TOTGTNTU (o VEQO e ®aBuod ETPUVELL-
wij mooéhevan). H nepiodog 29-30/6/98 aviiotovgel oe Enorj meplodo, eiye mponynbel peydho yoovird ddompa
YwOIg POOYOTTWON. AQC TO VEQG TV TOTAPGY EfYE OYEDGY amorherotind vdyewe mpofhevon (and mnyes,
wrpomnyes, avaphriosig). Emopévig ot 0o autég deryparolypies Bewpotivial onpuavii£eg yue ™y eEaymyn
CUUTEQUONATOV.

[N ) perén) 1wy arotekeOpdTOV T600 TNE UVARELENC VITGYELMV VEQMV amd didpopa onelt 600 ®al TG
CVAILENS VTOYELWY Xl ETUPUVELTROV VEQWY EYIVAY «UOQOYNIKES [IHOTOUESH,

AUTES elval SLayPGUIUTE TOU TOOEXPUY GG avalioels dtadoyirmv derypdrmy Tov Mighnrav rotd wi-
#0g S (OLag o aEyovVIUS U Tor vAVTL TEOZ T ¥uTdvTl. Xta daypdupuata avtd otov optléviio dEova
£IVCLL OL YLALOPETOIXES UNOOTACELS (CG TNV (YY) TOU QEVRUTOZ) %l OTOV RUTAROQVEO 1) UVTIOTOLYY TEQLEXTLHO-
™Ta o8 dldgoo 1ovTa 1 OILES.

“Etou howdy €xoupe Tig £E1c toels protopés (pe fdom 1o xdom tov oxfjpatog 2):

) R-R-R-R-R, B) R!‘.‘-RIS-RN-RJJ-‘ Y) RT'Rn'RN'RI.\-REI'

"Eywvav «vdpoynuréc pnrotopégy» yia ta eE1jg otouyeia 1j ynurég pieg Ca, Mg, Na, HCO,, SO, CI.

Tgogxnnpay howtdy T £Eg: '

. Zto oypijua 3 divovial oL vdOYNIKES PINKOTOUES Yia TV Enot mepiodo (29-30/6/98)

p. Zro ayipa 4 divovrar oL vdOYNIIKES PNROTOPES Yot TNV vyer] mepiodo (4-5/4/1998).

Tat dLoryApIOTE. GUTE TOY VOQOYIIMAMY INROTORMY HAS ETTOETOVY Vo ®dvoupe Tig eEjc mapamonoeLs:

T wovra Ca rotd €va YEVIXO #avEeva GuEAVOVTOL ¢td TV (X Tov vdEOYEUEILOT dIXTIO TOOS T dLEV-
Buvon ™mg porjs. Avté mapumeeital Teoo ®otd Ty Enorj mepiodo oo won ratd my vy, YTAoyeL pu pnovo
eSaipeon orov ®hido R -R -R -R, dmov mepovoidlovy e oradepdmro.

Ta 16vra Mg mapovotdtovy emiong pa Taon ehagods aiEnong »atd wijzog me porig 1j uévouy meplmou
orabepd. Zrabepd eivan xuplng watd ™y vyer epiodo. e o pévo mepimtwaon otov #Addo R -R -R -R,,
#oTd TV Enorj meoiodo epgaviCovy tdaon pelwong.

- 1962 -



B66LIPIEZ ¥

866L/0L/IS¥ €

8661/9/0€-62 2
B66L/P/S-¥ L J,

Bujjawes J6 saEq % %,

z4 2%
b4
gs
S
£S

s <

LS
174-]
0zZ4 !
6id \
g8ld

Ly

9id

Sid

4%

€Ly

[A%:]

sajoyalog LY
S130lidim3 4 0Ly

6y

sbuudg M

wu___.c_u_ S LY

9y

sjuiod [eroadng Gy
o|3rilo pXDIIADGILT £-]
€4

Z4d

(8]

Hujod Buijdwes
DjMUyo1DNAI3g DI3A0T

JaAly seuounjely jo suiseg z ‘B4
paorbipiyy not Suoddouy Aoy  z'X3

- 1963 -



&

0 80 90
n  (km)

100 110 120

0 50
Awoéovaon (km

a0 50 60 70

: 2 e R R RERTS) -
: 160 oHCO,
140 630
Juca } 120 o0 s
o Mg 100 S L o aCl
e 80 _
i , ot @ i 20 Ll ° T T 2.
i i . : i
50 ¢ T 0576 20 30 40 50 60 70 80 90 100 110
Awéorvaon (km Awéorvaon (km

Xy.3. Yogoynuunés unrorouss (29-30/6/98)
Fig.3. Hydrochemical longitudinal profiles (29-30/6/98)

®  Ta évia Na mapapévouy oyedov otabepd oe 6hn ) dadoow e Tdom avEnons »atd vy Enoij nepiodo.

® H pita HCO, ong duudpopés R -R -R -R-R  nat R-R -R-R - TeEovoLaLovy oot ®at POt onpavt
i aiEnon 1600 ratd ™y vyeY 600 row ®xatd ™y Eneij epiodo. ‘Ouwg om duadeowi R -R -R -R,,
aiENOoN eivol TOM XY, v ®oL 0agog @aiveTal OTL UTAPKEL.

® Hoita SO, o€ Gheg TG DIDQOUES »ow RATA TV VYO %o ROTEG TNV Enoy] meplodo e mepinov otabepn Ty
1} o1 Tdon Yo avEnom xatd ™ dievbuvor g porc.

*  Téhog 1 tévra Cl eival oxedov otabepd o IO yopunAEs TIHES %aTd TNV VY] TEEIODO %aL HE OapUg VY
Moteoec Tuée word Ty Enerj neplodo ratd myv omoio epgaviCovy Tdoelg avEnong.

5. ZYMIIEPAZMATA

T Oheg OXEDGV TIC TEQUITAOELS XOL ®OTA TV VYY) %L %ard Ty Enor epiodo té00 o wdvra Ca, Mg doo
1 oita HCO, mapovatdlovy ai&non #ow viOTE ONUAVTLAY TS TEQLEXTAGTTAS TOUS OTO VEQO.

Entiong 1600 ta 16vra Na, Cl 600 #ai n oiGa SO4 elvar 08 GRES TIg TEQUTTWOELS %L HUTA TY VYOG #o Hay
v Enon meplodo orabepd 1 Egouy pa uxon avEnon.

e rapud mepimtmon dev maputnEinxe pelwon mg TEQERTIRGTTUS 16VTWY 1] 1LV natd ) dadoop
“Towe povo av égouvpe cupPohn He peydro xhdado, dMh. avapelEn pe peydhn Toodmra veeol dilov whddov, 16
eivau evdeyopevo va ragaroendel peiwon mg meprextinomras. Eival elhoyo 6u 600 eEetdlovpe onuela pev
HIVOUREVOL C7T6 T VAVTL TQOC TOL ROTAVTL oG Aexdvne, Ta avapiitovea 1 mydlovio vepd Exouy watd ue
600 PHEYHAITEQO %OGVO SLadQOWS VIGYELUS 1] ETpavELars, dA. LEYUAITEQO (OGVO ETUEIS IE TC TETOOUAT
Oa mEEmel howdy auTo va eivan 1) artio g aiENomg e TEOLEXTIROTTOS OF 10vTa ®at piles. Mdhota mohh
@oQES 1 dadgopn VITSYELL 1 EMLPAVELHT 1] AT ElvaL PECK OTOV (L0 YEWAOYIXG OYNRATIONG, OTOTE 1) VIGH
O] CUTY LOYUQOTOLEITCLL.
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Fig.4. Hydrochemical longitudinal profiles (4-5/4/98)
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AIEPEYNHZIH TOY MHXANIEMOY Y®PAAMYPINIHE
TQN ITHI'QN KATQ ZOYAIOY MAPAOQNA NATTIKHY®
Z. ETAYPOIIOYAOL', M. TZIMA'

IZYNOWH

Zra mhalow ™S TUEOVONS EQYUOTHS TRAYHUTOTOLETUL 1] DLEETVION TwV cuvinxwv UQOAPTOIVON S TWV
mywy Kdro Xovhiov v arhog «Maxapiug ITyyigr. O myég exdnhdvovial pe éva evol pétono avapivong
oto BA dxpo g meduddac Mapubuva war  exgoetiCovy 1o ©aQomxd ovomua Twv paopdowy Mapabdva.
AGY® TOV HEYELOY TAOYOY ROl TS JEVIING DONS TOVE, TUOOVOLALOUY IDGITERD VIQOYEWROYIXG EVOLUGEQOV.
O myyéc napovotdlovy M€ TIHES NAEXTOIAS aywYIOTTUS ®ow VYNAES OUYREVIOWOELS YhwoLGviny, Me
faon ta arotelfopata VOPOYNIAMY UVUATOEWY Xl YEMPUOIAXHY DAOHOMIOEMY TOU TOUYHOTOTOU]HNHay
ot mhaiote ™g «Ydpoyewhoyinic Mekéme Kdaumov Mapafove N Attiicr, mooximtovy nat alohoyoiveat
TOELS OLUQPORETIXES VTODECELS OYETIRA ILE TOV PNy UVIONG vpahpipvans Twy myov Kdro Zovhiov,

ABSTRACT

The present work is based on the results of a detailed multidisciplinary, hydrogeological investigation, which
took place in the broader area of Marathonas basin. The salt intrusion mechanism of the springs of Kato Souli is
outlined throughout this paper. Geologically, the study area belongs to the unit of Eastern Greece and it is
mainly represented by alterations of marble (permeable formation) and sheists (impermeable formation) with a
significant presence of younger deposits, which lay unconformably on the alpine features (Fig.1). The above-
mentioned springs seem to discharge the whole Karstified system which develops within the Marathonas marble
formation. The water flow doesn’t occur through a single spring but instead, via an extended metope of springs
on the contact with the quaternary deposits. The extremely high supplies as well as the permanent water flow
(double the amount of the infiltrated water) indicate that there must be some subterraneous significant water
additional supply. Hydrochemical analyses performed on water samples derived from these specific springs
showed high values of electrical conductivity (4.603 pS/cm) as well as high concentration of CI (1.244 mg/lt).
This is a direct evidence that severe salt contamination has taken place.

The assumptions related to the salt intrusion flow pattern can be summarized as following:

a. Direct contamination of the Karst aquifer by the intruded seawater via the north edge of the marble expo-
sure.

b. Contamination through hydraulic interconnection between the marble formation of Marathonas and the
already contaminated karst aquifer, which develops in the neighboring Agia Marina marble formation.

¢. Directintrusion of the seawater into the karst aquifer of Marathonas marble, which takes place at Marathona

Gulf.

The most acceptable case seems to be the second one, since many geochemical analysis, geophysical investi-
gation co-operate to support it, without excluding a simultaneously function of the second and third intrusion
patterns,

AEZEEIL KAEIAIA: myyéc, vgadpipivon. a0omixos ud0o@ooeds, vODUUAKT EmKovovid.
KEY WORDS: springs, salt intrusion, karst aquifer, hydraulic patterns.

1. EIZATQI'H

H epevvnmin] eoyaoia avagpépetar omy ooy tov Kdpmov tov Mapabdva, 0to Bopetoavatohrd T
Tov Nopot ATT#Ijg %o agogd TO VPLOTEREVO ToLoTix0 #abeotdg %ot T Siepetvion v ovvinrdv vpalpipv-
ong TV xepotiray myoy Kdro Zovkiov 1 aihie «Maxapiog Tnyric». O myés exdnidvovral pe €va vl
HEtwmo avdffivong oto BA dxpo e meduddug tov Mapabdva ®at epgpaviCovy peydhn mototiaj vropfdopon

"INVESTIGATION RELATED TO THE SALT INTRUSION MECHANISMS OF KATO SOULI SRINGS, MARATHONAS - ATTIKI.
1. I Zemrepfoiov 166, 112 51 Abjvea.
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LGy VPNAGY TGV NAEXTOUAS CymyLIGTITAS Rot VNADY OUYZEVIOHOEMV YAWOLOVIWY.

O TYES TQOVOLELOUY HEYARO VOQOYEMAOYIXG EVOLUPEQOY, DIGTL EXPOQTICOUY TO RAUQOTIZG CUOTN(A TOV
paopdony Mogofmve xat Tagovoidlovy peyhes TQOYES ®aL OUVEXI] Q01 VEQOU OF GAn ™) OLdpREL TOV
£touc.

Ot EQEVVITIES £0YOOIES OV TpaypaToTonibnray, Eytvay ota mhaiow ™ «YdgoyEwhoyric Mehétng
Kdpmov Mapubiva N.Atteaics, n oroia avaréfnze oo 1o Yrovoyeio Fempyiag otous Zvumpdrrovres Mehe-
mrég Maoy. Mehoodoy zat Zev. ZTaupomovio.

2. TEQAOI'IKEL LYNOHKEEX

O YeWhOYI#O[{ GYNUATIONOL TOV EMAOUTOTY 0TV TEQLOYY] AVIjROVY 0T «OyeTHd cutdybovi evomnte g
BA Attuiic. Tnjpa mg evouteons TeoLoyic #alRTEToL ol HETUAMIXES (mobETELs Tou TETUOTOYEVOUS %Ol (o
veoyevi] jpoe, e oot #EAUTTOUY KUOIME TNV TESVY] EXTALON TOV EXTEIVETOL VOTILL TNS Civne Mapabdva -
Kdte Zovhiov - Aoyuxot. O ahmizol oynMuamopol, ot 0oior arote Aoty T avateon peln me avtdybovng
OEIOGS THV PETCPOQPWHUEVMY OYMIaTIondY g BA Attujg, aotehotviol amd pappoo #ol oyotémbovg o
OO0l AVOTTHOGOVTAL OTO [EYAAMITEQO THjIe. TS TEQLOYYS HEAETNS ®aw dtaroivovtan ota pdopaoa Ayiag Ma-
pivag (Av.Konudixg), otoug oyrotéhbovg Papvouviag (Méoo Konudixd), ota pdopooo Mapabova (Kar.Kon-
udxd), orovg oyotéhbovs Mapabuva (Ioveaoize:) #ut OTO «EVOLAUESO HADNAQO» (Tovpaowd;). (AOZIOZ
Z.,1993).

3. YAPOT'EQAOI'IKEEX LYNOHKEL

Sy mepuoyr] €0euvas, propotv ve duaxetotv dio duugogeTizol THTOL VGYELMY LQOGEEOWY.

1. Ouxapotxoi vdpopGEoL Tov avarTicoovtat ata pdopapa e Aylug Mapivag, ot pdopapa tov Magaba-
var 2aB0dg %Ot OTO OYNUATIONG TV EVOLAUECHV JUOUADWYV.

2. O1 mpooyopatizol VSEOYEEOL TOV VITTICOOVTUL OTLS TETAOTOYEVE(S UTODETELS OV avaTTioooVTUL 0TV
medidada Tov Mapabuiva %ol 0To VEOYEVY] OYIUTIONG Tov Aotuxon,
Sty mepioyn HEAETE prtooovv va daxpidoiv o axdhovbot vogoitboioyirol TimoL:

¢ Ydpomepurtol oynuotiopol: Ot vdpomeparol aynuatiopol progoty va SiaxolBoiv ae duo VIOXATYOO(ES,
OF (UTOTE TOL THPOVOLAZOUY VYA #at 08 auTOUg oL Fpovotdlovy HETole €ng yapnki vdgorepatomTa.
Stovg oynuaTopovs vmhiic vdpomepatdmyTag TEQapfdvovral Ta pdopaga mg Ayiag Magivag, Ta pdo-
jeoa Tov Maoadive %t 10 «evdideco pdopago». H vyni vdoorepatdmra tmv pappdouy amodideTon
OTY EVIOVI] TEXTOVIXI] RATUROVION AL 0TIV TRQOVOL QWYHATWOEMY 08 GLO TO GVATTUYHE TOVS, OTOV %at-
TOXEOUUTIONG TOV TETOOUATOV (6 TURVS SixTUO PUYPMY %ot darhdoEwy Stapdomv dtevbivoemy xat
OTV RUOOTIXY SLEOYOIt TOU €0VV VTOOTEL [LE WTOTELEOHA TNV SNUOVOYI XUQOTILMY EYROTMDY %L Y-
Y6V, ETOVS OYNUATIONOUS PETOLAS G XIS UVDEOTEQUTOTTHS TEQIAAPPAVOVTOL OL TETUQTOYEVIS amobé-
GELS KAl O VEOYEVIS OyNuamtopds Tou Aoyuzov. H udooneurdmra Tov OxUaTopuay cutmy oge theton ota
TETOMLTE (6 TeL OMOie ATQTILOVTOL GG OL UPIYELS AUIOL el ToL Yok (i #afdg #alL OL POpRITES %ot TO
Larumorpoxahomayr To omole elvan TETEWpaTe vdpoTEoUTd €we Aoy vdpomepatd. H ovppetoy duwg
aTOUE OYNUATLONONE auTovc, ouviiBng te T HopgY] TEOoUEEWY 1| EVOLUOTOHTEMY %atL VOPOOTEYAVHV TTE-
TOWRATOVY 6TWS GoYthot, e %t TMAOL TEQLOOTCOVY TV VBQOTEQATATNTU TV CYNIATIONMY %ot TOvg #otbi-
otolv PETPLS E0g Kapniis vdpomepurdmTac.

* Ydpooteyavol oynuanopol: STovg oynpatiopois autog reotkapfdavovial o oxiotéhibor Papvorvrag za
ot oytathior Mapafve. [ vdpomepatémyTe Tmv OyNUOTIONGY CUTHY EIVHL TE00 XN HOTE TOUXTUAG VL
AOTOTACOOVIOL 0TV XUTNYO0IH TV VODOOTEYUVHV.

4. KAPETIKOL EXHMATIEMOXL MAPMAPQN MAPAGQNA

O oyUOToRGS TV pappdony Mapabdve avarriooetal pe exiunxzeg oyjua deiBuvang B-N mou aoyitel
and o Pépeto Tjpe Tov Kdpurov tov Mapadova xat gbaver péyxor my meowoy Avavag otov Evfoiud néhmo
(Ew.1). TToGxerton yie paopaoo eTTooTomuatddn £mg TuyuoTOmPATAON HE [IHQES SLaTROOELS muotohibov
HOL EVOTRWOELS DOAOITIRIV LUOPAQmY #atl TyLoToLBuv.

O TEXTOVIORGS TOU TYNUATLOROY EIVOL EVIOVOS %ot IdLiTEOH 0TO BApELo Tirjpce Tov. [Tdxuertal yo prjyparo
pe Sievbuvon BA-NA 1o omoia oto fopeto Tpurjpc €gouvy dievBuvon oyedov A-A nal daTépvovial amd uxeo
oopd pnyndimy pe dievbuvon B-N.

H %ap0Tiomoion Tou oynpatiopon givar £viovn xot exqodleta e E01aQoTIRES HOOYES OTmg YAUPES
HOL MAHOES KUOOTIRES TATEIVIDOELS.
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Etx.1. YogortBodoyixds ydotns Ts meptoyis foevvag. Ataxgivovrar o1 Oéocig oy myydv Kdtw Zoviiov xat tav
YEQQUOIRGY OtaoROTIHOEWY,
Fig.1. Hydrolithological map of study area. The springs, as well as the locations where the geophysicals investiga-
tions took place are indicated.
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To otomua eivar %atd €va xod Tjie Tov avorxtd ony Bakaooa oo BOEL0 GXEO TS EUGAVIONS TO
Sy uAGAOUTY TEQIRETEO TOU TEQIPARRETAL HVOIS (TG VOEOCTEYUVOUS (thht %att CYNPATIONONS HETOLHS €0
yapnhiic vdpomepatémrag. ‘Ol 1) dutx] Thevod Tov eival 08 ETCET HE TOUS VOQOOTEYAVONS ayLotohbous T
MaoaOevee, Ok 1 voTiee TAEVOEA TOU A0 THIHC TIS AVATOAAS EIVIL OE ETC@] HE OYNHATLOHOUS NUITEQUTON
£ PETOLL VOPOTEQUTONS CTOTEAOUHEVOUS (TG TETAOTOYEVELS Rl VEOYEVE(S amobEoELs,

H €41001 TS EM@OVELRRIS ERQavIonS Tov aynpatopon etvat 20,5 Km®, Zopgova jie vdpohoyinoig umok
YIOROUE %t T0 PECO £TioW og fpoyc To omoio vrokoyiotnxe (0o pe 550 mm, 0 dyxog TV fOOYOTTUHOE
wov deyetan eivan 11,3 x 10° mYéroc. Ané my moodTTe avti ToV POOYOTTHOEMY GTOV GYX0 TOV HUORAQU
grTpdTan 6Tl Rarerodvowy 6,4 x 10° m'/érog (1ol moo00Td 55%) #at epTAOVTICOVY TOV RUQOTIXG VOOOEGC
opitovia.

5. IIHF'EX KATQ ZOYAIOY "H «MAKAPIA ITHI'H»

¥710 N - NA drpo Tg E@EvIoNS TOU TOOUVAPEQGIEVOL ZAQOTIXOT OCLOTRATOS EXNADVETAL TO HETWITO Ta
avaphiceny Tov myov Kdtm Zoviiov (Ew.1). Ot Béoeig avdfhuong tmv anyov dev elval epgaveic owom G}
10 PETOTO £Vl REAVPUEVO e rahapdves. Apfowg HeTd To pétmmo avafhuong Ta veod xatariitovy pua
0LOOLoHEVY LAV Ol 0T OUVEXELC ROTAMTYOUY OF TEXVITH (TOOTOAYYLOTIAN TAMEO, 1) 0ol arohovbuvic
oyedov evbiyoapun mopei pe dievbuvon BA-NA, ratahijyel ot Odhaooa.

SUppmvee f1E UDPOPETOIOELS %Ol UTOAOYIOHOTS TTou Ty patomonjdnxay To yeovixd ddompa 30/01/97 a
26/11/98 (MEAIZZAPHE I1., ZTAYPOITOYAOZX Z., 1999).1 pu€on pnviaia tapoyr tov anyay eival 0,430 m
sec xau 1 ouvohia] enjoie ragoy ivat 13,6 x 10" m?, O petorjoeis mpoypoaromouibhyay omy #ioLe arootoa
yiot Tdgeo Tov mydy Kdro Zovkiov, oe axdoteon 300 m meoimov axd m) Lovy avafiuong tov myoy.

Napoyi m3/sec

30/01/97
28/02/97
30/03/97
30/04/97 -
30/05/97 -
30/06/97
30/07/97 -
30/08/97 -
30/09/97
30/10/97
30/11/97
30/12/97
30/01/98
28/02/98
30/03/98
30/04/98
30/05/98
30/06/98 -
| 30/07/98
30/08/98 -
30/09/98
30/10/98 -

Eix.2. Audypauua daxtuavons Tov Tapoyay o OYEon JE T0 }00V0,
Fig.2. Fluctuation diagram of water supply versus the time.

‘Oneg TEORUTTEL, 1] ETHOLE TUQOYT] TOV TINYOV ENVAL VTEQDITTAAOLL TS HEONS ETHOLUS TOOGTTAS VEQOU 7IC
HATELOOUEL %ot EPITAOVTILEL TOV %OOTIHG VOEOQEQ0 TwVY pupudomy Magabuva. To yeyoveg autd vrodniay
611 0TOV REEOTXS VOPOPAEQO TV HaOUGomY Magubuve CuVTEAEITAL VITGYELL ELOQOY ONRAVILA|S TOOGTITC
VEQUV.

‘Ooov agopd Ty VO] CUCTHOT TV VEQUWY TmV INydv Toaypatononinxe oelod detypatohmpid
%O VOROYNIUAAV avohIOEWY Y10 TO Y0oVIXG didompua Mdiog 1997 - Oztdpoerog 1998 (MEAIZZAPHE [
STAYPOIIOYAOZ Z., 1999). A6 T atoTe EORUTa TOV YKV avaAoEnV TEOEXNPE OTL OL TILES TS Nh
®TOUiC aywyoTTag ®upaivoval petal 3.050 pS/em zat 6.350 uS/em pe péon Tyaj 4.277 pS/em. Ou Ty
avtéc Oempotvral VYnAEc fmg mohl v mA£ zat amodidovrar oty peydaing xhiparag devtepoyev) @oTION Ta
VEQUIV e Ghatee. Ot TIHES TOV YAWOLEVTLV rupaivovo petall 728 mg/lt xau 1.775 mg/lt pe péon runj 1.137 m
[t. O1 oM VYMAEC OUYREVIOWOELS TV YAOOLGVTILY aodidovTaL oty EVIovI VEapiovon ToU %UQoTROU |
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dpo@dEov TwY paopudomy Mapabiva. ETiong ot ouyreVIDHOELS ey vnaiov, ou wopaivovrar petalt 57.2 xa
93,6 mg/lt %ar €xouy péon i 68.7 mg/lt emiPePurdvouy TV vgahptiovan Tov vHEOPGEOY opltovra.

6. AIEPEYNHEIH TQN LYNOHKQN YPAAMYPINIHL

St mhadowa ™ Stepetivons Twv GUVENRMY VQAARTEIVONS TOU RUQOTIXOT CUOTIHATOS 7L HE paon mv
GELOAGYNON TV oToLEE(mY TOU ovyREVIOHINZaY, dapoogdinxay pe fdon Ta otouElc Tou aElomoujtnxay
Toe1g DupopeTinEg vTobEoELL.

1" Yraé0eon:H v@aipioivon 1ou #eootixol ovonjpatog ouvtekeitar ard m dtelioduon Oakacovou vepou 0To
BOpELO GrEO Epviong Tov.

2'Ya60e0m: H vgakprioivon 1o #eo0mizon GuoTiroTog GuvTeeital hiym vdoauiieig emzovmviag JE 10 EVTo-
VoL QAo rapomrd ovotmia mg Ay. Mapivas,

3" Yrsteon: H vgadaioivon Tou #eoatizot ouomipatos ouvre it Aoym mg mbowig ex€xtaong Tov 1008 vo-
10, ®dto w6 g anobéceig Tov Kdumov Mapafove 2ot Tov vypstomou Tov Zyowvid AuL TV avourTi) et
toug pe T Bdhaooa péon arov Gppo Tov Mapabova.

H sodm vadheon émag mpoavapéobnke, aodideL TV VEAATOVaT TOU RAQOTIROU CUOTIIATOS 0T digio-
duam Bahaoovol vepou oto BOPELO G#00 TS ERQEVIONS ToV papudonwy Magubiva GO (UTA EIVOL OF (UEOT)
emaq e ™ Bdhacon. H avowni exag tov paopdowy e m Bdhaooa €7gL éxtaon 3 Km egimov, BempeiTan
GUME CORETY YLOL TV VPAAUTOIVON TOU VOROEGEOV HECH TOU EVIOVOU OEVTEQOYEVOUS TOOMOOUS TOV TN ITL-
opol. Ap£ong voTdteod amtd 10 POELO (%00 TS ERPAVIONS TWV HUQUAOWY and Grov yivetal 1 vobeon Ot
oUVTERETEL 1) VQUAITOLVON TOU CUOTHHATOS, THOUTNOETAL [Loe oMpevTir Extaon Taoepforig oyotéhbmy oto
OYNUOTLONG TV pappdowy pe diedtuvon NA - BA (Ew.1). H dedbuvon avt aviotoryel wal ot dievbuvon
TOV ZUOUDY ONYHATOV TOV DLATEUVOUY TNV EUPAVLON TWV HAQUADMY. H eppdvion autig mg Ldvng tov oyoto-
ABov xa ) mbovi avaBdhomon ou dnoveyoly %At o6 To HEORIOE IOV EPPOVICOVTON HaTd WROS TS
tivne cumiic, Dempeitan 6L Snpuovpyel Evay «vdQOATEYAVS @OIryRG» YiL TV CUETAVAGTEVON» TOV VQAALVDWY
VEQWY OO Tet VOTLCL GOV BOIOHETCL TO XUQLO AVATTUY L TOV XAQOTIZOU OYNUATLONOT %at GTou erdNAHVOVTOL
ot myéc Tov Kdtw ZTovhiov. Amotehel dnhadr], TEOLOOLOTIRG TOQGYOVTA YL TNV VOOAVIEY ETROVOVIK TOU
TWRATOS TOV TYNHOTLOROT OV Eiven avorrté am Bdhaco pe my xiow epgavion tov. Kard ovveénela mepio-
oiCet %ot TV TERIMEWON TS VIXGHEONS GTL 1 VPEALTEIVOT TOU ZUQOTLXOU CLOTIIATOS YIVETOU GTT6 TO TUIHO TOV
BooeLon dxpou Tov 6TTov eival oF avorxt ena pe m Bakaooa,

H devteon v6eon BaoCetar omy mepadoyr] 6TL T0 Za00TikG cUoTie TV pagudony Mapabuva elvat 0
VoMM EmROVOVIL HE TO ZOQOTIRG CUOTI|IG TV paopdouy Ay. Mapivag, 1o OTOLO EVATTUOOETOL (VATOM -
%@ %o elvan 08 Gpeoy) exaqn e ™ BAkaoow xaL 6T 1) VGEATEIVAT TOU OGETAETAL TNV UTGYELR ZOMON VEQUV
0TT6 TOV EVTOVE VA0 %UpaTIG vOE0EGEo TS Ay. Mapivag T00g TOV RaQOTIG VOOPGRO TV HUOpaOmY
Maoafdve. H Thiong veehuipivan Tou zegotizo oynuanopoy expodleto dueca QIO TC TOLOTLAA YOOUATY)-
OLOTIAG TV VEQEMY OV avafAELovy 0TO HETWITO TMV TNYMV ™S AQUROVEQUS. [Tpoxertal yie pétwmo avafivos-
WV OV EPQPAVICOVTCL OTNY ETCEN TOV POOpaomY Ay. Magivag JLE TIS TETHQTOYEVEIS amobéoelg Tov vypdToTOU
Syowtd. A6 ta aotehéopare Tg derypatompiag ™ xeovixy weplodo Matog'98, tpoxintel 6T Ta VEQU ElVaLL
Evtove vpahpoa e Ty nhextowic aymyuomrag 9.800 pS/cm 1o ovyxévrpmon yhooiévimy 2.953 mg/l.

MeTaS0 TV SU0 GCYMUATIONGY TepepAlheTon 1) EVOEiR E4TAON TS TEQLOYNS TOV Aoyuxot oto BEpeLo ral
VOTIO GHOO TS OTOLHE TUEOVOLGLOVTAL ENQUVITELS Tov oYLoTéMbny Papvotiviag gVe) OAn 1 Ghhn €xtaon TG
ROAGTTETAL (UT0 TETAOTOYEVEIS %o veoyeveig amoBéaels (oynpanopds Aotuxrot)(Eue.1). Qg ahéov mbave Tun-
L0 LEGW TOV OO0V CUVTERE(TOU VGYELE VOQUUMAI] ETROV®YIA TV S0 oLOTRAT!Y BewpeiTal To VOTIO %l
£10GTEDA 1) LV PETUED TV SUO HUQOTIHGV TYUATIONGY VOTLEL TOL otlopor Avpa. Zm Covvn avn) and Ta
ATOTELEOPATA TWV SELYROTOMPYLEV TOV TOUYPATOTON|ONKAY TQOEXPE EVIOVT VEEAPIQIVOT TV VOQOPODHY
ODIEOVIWY JE OUYREVIDWOELS YAWELOVTMV ou @Bdver €ng xaw 1500 mg/lt. Exiong roaypatomonibnray duo
yeamhextowmée dioromioetg, S1 xar $2 (Ei.1), and 1ig 6mov mpogrupe 6TL1) yemhoyir dopuj g Luvne avtrig
Srapopgdvetal wrd v axréhovin bokoyui oujhn (ITAZXAAHE M., ETAYPOITIOYAOZ =.. 1999):

1. Ze pabn and 0 éwg 4-5 m edaguxig pavdtiog ®oL TOOOLNOELS.

Amo 4-5 m émc 41 m wpoxrohomay.

A6 41 m €wg 125-140 m pdopaoa.

Am6 125-140 m €wg #en 400 m oyrotéhibor,

H Sicondmon S2 mov éywve PGpeta Tou oxopot Atpa €deiEe ™y axdhovdn Mbokoyux otiin:

. An6 0 éwg 1,5 m edagurdg pavdios.

And 1,5 éwg 5.5 m rponahomay.

3. An6 5,5 éwc 103 m oylotéhbog atov omoio petd and fdbog 18 m xatayodpovial EVOTRWOELS HUQUADWYV.
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4. An6 103 €wg 400 m pdopapo.

ZUp@ova pE T aroteéopara Twv dreoxomioewy S1 xaw S2 om Lavn peTaEl Twv 0 xapoTirGY OYMNUo
TLOPMY %0l XATO GT6 HAQOT THYOUS TPOTYWOELS AVUTTIGOOVICL TETOWMICTE vymAiiic vOPOTEQUTOTTAS TTO
devrOAIVOUY Tig OUVBireS VBRUVAMHIC ETROVMVIAS TOV RAQOTIHHY VOPOPGOWY.

H tpim vdBeon anodider my vpahiowvon omy mboavi ETEATOON TV pppdowy Mapaduva mpog véte
%t o Tig anobéoelg Tov Kdaprov Mapafuva xat tov vypdtomou tov ZYOWIA HOL TV OVOLXTY ETAET] TOUC 1L
m Bdkaooa péoa otov Gopo Tov Magafave. H vrdBeon AUTH TEXUNQUIOVETC a6 TLG VYNAES OUYREVTIOWHOEL
FAOOIVTWV oL ®upaivovial ard 600 mg/lt émg 1.000 mg/lt otie TEOOYWOELS TOV TUOEUPAILOVTOL peTaED Ton
avanTiypatog Tov pagpdomy MapabBdva kot mg Bdhaooas dedopévou, Tt omy TEQLOY auTy dev yivovia
OTNUAVTLES AVIMOELS (TG TOV TQOOYWUUTIRG VOPOYG0. ATG TV exTéLeTY YEWNAERTOIROV dleonomioemy S3
84, ra S5 (Ew.1) demordbnzxe ot e pdopapa tov Mapadva pubiovrar #drw and Tic mpooywoels ot
pabog 50 - 60 m e mapovoratovy évroveg evdeiEelc rurhogoping Buhaoovol vepol péaa oTov Gyxo Toue.

7. EYMIIEPAZMATA

¢ To napouxd ovomua tov pappdony Mapabuva, eival xard €va JUREO T TOU avortd ot Bdhaooc
010 fOQELO (OO TNE EPPAVIONS TOL %o OTHY VAGhOL TEQIPETQO TOL TEQLPARETO RUPIWS 0TS VdpOOTE YL
VOUS ahhd %Ol oYNUATLOROTS PETOLHS EWE Yapunhig vdgomeputémrag. H éxtaom me empaveianic epqave-
omg Tov oynpanopol eivar 20,5 Km?, o 6yxog twv fooyomtdosmy ou Oéyetan 11,3 x 10° m/étog #aw o Gyroc
me ruteioduong 6.2 x 10° m¥/éroc.

+  Ouvmyég exdnhavovral oto N-NA Gxr0o Tov oynuatiopot tav pappdowv Mapabuva pe éva gvol pétwmo
avaphioemv. Mooueirat yia myEs, oL OTOlES EXPOPTILOVY TO RUOOTIHG OUOTNUO TV ROOPAQWY, TTOQOVOL-
Couv pévin o] xaw cuvokuar] enora apoyr 13,6 x 10° m®. H péon enjola TEOYT £0VaL VTEEdLTAGOL TG
HEONS ETHOLOS TOOOTNTAS VEQON TTOU #OTELOOUEL %atL EPTTAOUTICEL TOV AOQOTIXG VOQOPAQO, YEYOVOS IOV VT0-
OMAAVEL ™Y 10001 OMPEVTIAIG TOOGTNTAS VIGYELWDY VEQWV.

¢ Ocov agopd mv vdpoynuxY Toug CUoTIOT, TapovoLdiovy vymhéc TUES NAERTOIRIS aymypoTyTag (uéon
Ty 4.277 pS/em) zat vymAEg OUYREVIDHOELS YAWOLGVTIOV ( peom T 1.137 mg/lt). O tpég avtég vmodnha-
VOUV TV VIOV ToLoti] LToPBADILON TOU ROEOTIHOT VOPOEGROY, ASYW vpaiptovons.

A6 T diegetivnon Tov cuvBNrGY VEaEIELYONC TWV TNY@Y, TOORITTOUY TOELS OLaPOPETIHES VTODETELS OL
omoleg aELoroyouvral mg axohotbng.

1. H mpuim vadBeon olppove e my omoia 1 vgaipiowon Tov xapotixot ovonjpatog amodideTan oy de-
o1 emag Tov paopdony Mapaldva pe my 0dhaoow kot aoyde poel va. BewpnBel wg 1 mhéov mboawvi.
AGY® RO TS SLUPGEPOANS TOV YEWTEXTOVIXGY OUVONRGY UTopel oxedSY v ctoxheloDer,

2. H detitepn vdbeon amodider my vgadpiovon e ROUQOTLHTS VOQOQOQINS TV pappdpnv Mapabwve, omv
VOOV ETLOWOVIEL TOV TYNPATLONOT HE TOV EVTOVE UGAAIUO0 OYNUATIONG TV pappdonv Ayics Mapi-
vag. A6 v aELOAGYNoN Ty UOROYEWAOYLLEY GUVBNRGDY, TmV UTOTEAEONATWV TV VOQOYNIKLGY cvehioe-
WV AL TOV YEWPUOLRGV DLUOROMIOEWY TQOXUTEL OTL £ivan 1) TAEOV LoYVOY vIT6BE.

3. Tehog 1 toit vw6Bea), wov arrodidel MY VEaAwiovon oy dueon ETTAPY] TOV ZUQOTLHOV CUOTHUATOS PE TN
Bdhaooa o8 aoren anGoTAON ATG TV EM@UVELHT] ENPAVION TOVS OTOV G6op0 Mapafuva eivar Mydtepo
Loyvor. AE(Cer va onpewnBel mug eewdi n toltn vdHson dev TEXUNOLOVETUL TAHOWG, dev ammorheleTan va
LOYUEL O OUVOUORG e T Aertovpyia e Sevteong vdBeoms mov eival row 1) ®UOLL.
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GEOLOGY OF THE ZAGREB AQUIFER SYSTEM
A. BACANI' AND M. SPARICA’

ABSTRACT

The aquifer of Holocene age that is currently supplying the City of Zagreb with potable water is exposed to
contamination and to the verge of being overpumping. Thus, investigations on deeper deposits have been under-
taken. Interpretation of geological structure and lithologic composition of the deposits has revealed deeper water
bearing layers of Pleistocene and Upper Pliocene age which might play an important role in the future water
supply of the city.

KEY WORDS: stratigraphy, tectonics, Quaternary, aquifer system, permeable layer, Zagreb, Croatia

1. INTRODUCTION

Water supply of the City of Zagreb, the Croatian capital (Fig. 1), is based on exploitation of groundwater from
the aquifer of Holocene age. The results of the groundwater table measurements indicate continuous trend of
decrease in groundwater level. This fact points to overpumping of the aquifer. Further, the poorly permeable
overburden is either not encountered or has thickness of a couple of meters. Groundwater chemical analyses have
shown that the most of the aquifer system surface is polluted to a certain degree. So far, fifteen Zagreb well fields
within the narrower city territory have been closed down because of contamination. Overpumping and contami-
pation indicate that the municipal water supply is seriously threatened. These are the reasons for which investiga-
tion of deeper deposits was undertaken. As a first stage, the interpretation of geological structure and lithologic
composition on the base of existing data has been made, as elaborated below.

. .: . "
b .y
B % =
WZAGRER Y
iy o o DA i
Y 1 L U
_ > RS
R i ST g G
N Tyt
S | 0

\ b /
5 &\ BOSNIAAND §
S HERZEGOVINA ™~ L

Investigated area
v o 50 100 ke
I———]

Fig.1. Location map

Investigated area encompases greater Zagreb (Fig.1). Regarding orography, three areas are distinguished:
northern, belonging to the northern foothill zone of Mt. Medvednica to altitude of 340 m: central, belonging to the
Sava River lowlands (about 100-120 m a.s.l.); and southern, belonging to the NE part of the hilly zone of the

1. Faculty of mining. geology and petroleum engineering, University of Zagreb, Pierottijeva 6, 10000 Zagreb, Croatia
2. Institute of geology, Sachsova 2, 10000 Zagreb, Croatia
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Vukomerieke Gorice hills.
For the preparation of the geological map in Fig. 2 were used the data from geological maps in scale 1:100,00(
sheets: Zagreb, SIKIZE et al. (1978); Sisak, PIKIJA (1987): Ivaniz Grad, BASCH (1981).

2. STRATIGRAPHY

The geological characteristics of this area conditionally shows two highly diverse and hydrogeologicall
clearly individualized complexes: (a) geological units underlying the aquifer system and (b) rocks constituting th
Zagreb aquifer system.

(a) Geological units underlying the aquifer system

The Paleozoic is represented by metamorphic rocks forming, on the surface, the central part of the Mt
Medvednica (to the north of the research site) and consisting of parametamorphic and orthometamorphic rocks. I
the underground, oil boreholes were drilled on different depths in these rocks (Fig. 3), and the rocks are made o
chlorite schist, argillite, and low metamorphic subgraywacke (PAND+I/E. 1986).

The configuration of the area of neogene sedimentation, had been initiated earlier or predetermined by the
paleorelief forms (KRANJEC etal., 1978). The differential movement of individual blocks during Neogene causec
frequent oscillations in coastal lines and interruptions in sedimentation, particularly on the basin boundaries. The
sedimentation had been continuous only in the deepest parts of the sedimentation area. The researched area is
built of the Middle Miocene and Pliocene sediments.

The oldest Neogene sediments fall into Helvetian but they are not encountered on the surface of the analyzec
area. These are fresh water sediments of molasse type in erosion discordant relation with the Paleozoic
metamorphites. They consist of conglomerate in base, and marl and sandstone.,

Intensive tectonic activity in the wider region during Helvetian caused further progressive subsidence of
individual areas and marine transgression in the Upper Helvetian. Transgressive sediments of Badenian (Fig.2,
M:z-, consist, in their basal part, of breccia and conglomerate, to be followed by alternating marl, sandy marl,
sandstone and limestone. In some deep boreholes (PANDeIE, 1986), these sediments form direct overburden of
the Paleozoic metamorphic rocks. .

Regional geotectonic events during the period of transition from Badenian into Sarmatian in the Paratethys
area, which affected this territory as well, caused marine conditions for sedimentation to cease and sedimentation
area (o disintegrate into separate basins and their salinity to decrease. Sedimentation of Sarmatian deposits (Fig.
2,M.") occurred under the brackish conditions. They consist of marl, limestone and sandstone. During the Pannonian
(Fig.2, M,?), salinaty decreasing of the sedimentation area continued and the sedimentary environment of Caspian
brackish type was formed. The tectonic movements in the Upper Pannonian caused intensive sinking of this area
and intensified accumulation of sediments and thickening of sedimented deposits. The lower portion is predomi-
nated by marly limestones, and the upper with marl and rarely sandstone. However, the boundary parts of the
sedimentation area (including the SW part of Mt. Medvednica, Fig. 2), have partly been in regressive phase,

During the Lower Pliocene, tectonic activity of lower intensity continued. and its result is reduction and
further salinity decreasing of the sedimentary environment with frequent occurrence of ingressive leaning of
Pontian deposits against older sediments. Continuous sedimentation is happening of marly deposits in Lower
Pontian (Fig.2, P1,") and of sandy deposits in Upper Pontian (Fig.2, P1%).

(b) Rocks constituting the Zagreb aquifer system

These include the Middle and Upper Pliocene (Fig.2, P1, ) and Quaternary deposits which have direct impor-
tance for the hydrogeological analyses.

During the Middle Pliocene tectonic movements form a relief with pronounced altitude differences and reduc-
tion in sedimentation area. The fresh water deposits are sedimented: sand, gravel, clay with coal intercalations
and conglomerate.

During the Upper Pliocene, the final stage in formation of the tectonic framework and relief of this greater
Pannonian region stared. In this way, the uplifted massif of Mt. Medvednica and neighboring mountains became the
source region of clastic material for sedimentation of the fluvial-lacrustine and proluvial sediments of the molasse-
foreland type of Pliocene-Quaternary age (Fig.2. PL,Q). The deposits have sedimented in the boundary areas of the
existing lakes, while the coarse clastic materials (various gravels) were deposited along the banks, maybe even on
the land as a proluvial drift cones. Fine-grained sediments (sand, clays) deposited in still lacrustine environments.

Sediments of Quaternary age cover most of the surface in the anal yzed space. The sediments are divided into
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Pleistocene and Holocene, and further subdivision respects the genetic types.

The deposits from the Lower Pleistocene have not been discovered on the surface. The boreholes revealed the
sediments from the Lower Pleistocene of highly variable lithologic contents. Somewhere, they consist of sand
mixed with clay containing carbonized plant remains (HERNITZ et al., 1981), while in other areas alternating
clay and gravel have been encountered. The Middle Pleistocene deposits are characterized by significant perme-
ability because of large content of sandy and gravel material. In the top parts of these deposits, same as in the
deposits of the Lower Pleistocene, paleosol characteristics have been noted (VELIZE & DURN, 1993). The sediments
of Upper Pleistocene are predominantly of eolian origin. Depending on an environment which received eolian
material, the aquatic loess and terrestrial loess were singled out. They alternate both vertically and laterally. They
are discordantly sedimented on the bedrock and follow the structures formed in Upper Neogene. Their generation
is connected with the colder periods in Pleistocene (glacial and stadials). In interstadials or interglacials, the
fluvial sediments, fen clay and peat were deposited.

Late in Pleistocene, revival of the tectonic activity in paleofaults running in NW-SE direction and forming of
new faults of the same orientation caused subsiding along the boundaries of Mt. Medvednica and Vukomeritke
Gorice hills and formation of the Sava depression in a narrow sense. This tectonics enabled disintegration of the
barrier and inflow of water from NW into the Zagreb depression (SIKIE & BASCH, 1975). The depression
formed in this way was filled with river sediments in which courses of the Sava River and its tributaries gradually
formed concurrently with characteristic forms of fluvial erosion and accumulation: river terraces, meanders, dead
waters, sand-shelfs and the like. At the same time, the surrounding hilly zones were exposed to erosion and
denudation, which formed a relief much similar to the present one.

On the surface, Holocene deposits are divided into a number of genetic types (Fig. 2). The sediments of the
second Sava terrace consist of alternating coarse-grained gravel and sand. Among sedimentary structures, those
important for river streams are frequent (imbrication, graded bedding and cross-bedding). The sediments of the
first Sava terrace developed along the Sava River course (Fig. 2). Forming of the second terrace sediment was
followed by the erosion and denudation phases, so that the Sava cut into its own sediments. Old ri verbeds are
visible in a number of places on the first terrace. The lithologic composition is predominated by coarse-grained
gravel mixed with sand. The water for supply of the City of Zagreb is pumped from the first and second terraces.

Recent and subrecent sediments are of small thicknesses and some of them cover large surfaces. These
include alluvial deposits of the Sava River, proluvial sediments, flood sediments and bog sediments (Fig. 2).

3. TECTONICS

The described area is part of the Dinaric Alps and Pannonian Basin on its far NW boundaries, and the Sava
depression inside it. Due to its position and very complex relations with the boundary zones of Alps and Outside
Dinarics, the area was exposed to intensive tectonic activity during the geological evolution. After PAND-1£E,
(1986), already the oldest tectonic movements (Paleozoic and older), which resulted in longitudinal deep faults of
NW-SE strike direction, and in diagonal faults running in NE-SW direction, have also recurred with different
intensity during the Alpine orogenetic cycle. These fractures played a crucial role in formation of large (regional)
morphostructures (horsts, depressions).

The most remarkable morphostructural form in the analyzed area is the far NW part of the Sava depression
(Figs. 2, 3). Start of its formation was initiated by the Pyrenean tectonic movements late in Eocene. Its basic
contours the Sava depression got through differentiated subsiding along the “southern and northern boundary
faults”, particularly during Pliocene and Quaternary. In addition to the said longitudinal fractures, a significant
role was plaid by diagonal paleofractures striking in NE-SW direction and in its vicinity (PAMLE, 1975; SIKILE,
1978). The greatest minimums (subsidences) formed in their intersections with longitudinal faults. These are the
points of pronounced seismic activity. Amplitude of vertical subsiding movements along the boundary depression
faults, also active in recent times, exceeds 2000 m (VELLAE, 1980).

The tectonic block of Mt. Medvednica (Fig. 2) closes the Sava depression on the north-west. Its geotectonic
evolution may be followed from the Upper Paleozoic, through Mesozoic and Tertiary when, as an independent
tectonic unit or a part of the boundary area of disintegrated Pannonian mass, it considerably affected evolution of
the neighboring areas (SIKIE & BASCH, 1975). However, the main phase in formation of the recent Mt.
Medvednica structural framework is related to the tectonic movements in the Middle Miocene and Pliocene, when
the complex Mt. Medvednica horst uplifted among the longitudinal faults of the SW-NE strike direction (PAND-1E,
1986).

The structure of Vukomeri¢ke Gorice hills (Figs. 2, 3) is a positive form of the Dinaric direction which
separated the Karlovac zone from the main Sava depression zone. The analyzed area encompasses NE parts of
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this structure. SIKIE, & BASCH (1975) related its formation to the tectonic activity during Quaternary,

4. HYDROGEOLOGY

Presently, the water supply of the City of Zagreb is based on exploitation of the groundwater from the Holocene
gravel-sand aquifer that has been relatively well researched. However, this layer is underlaid by two to three
gravel-sand intervals (Fig. 4) separated from the Holocene aquifer and from one another with poorly permeable
clayey silt (loess). This is the material washed down during the Middle and Upper Pleistocene interglacials and
interstadials by the streams from the neighboring mountains and deposited in the lakes and marshes. Due to such
conditions of depositing high material heterogenity encountered, both vertically and laterally. In adition to de-
tected Upper and Middle Pleistocene aquifers, there are indications of permeable layers inside Lower Pleistocene
and Upper Pliocene deposits. The northern boundary of this aquifer system is an impermeable boundary interfac-
ing with the Lower Pontian marl, and the southern boundary is a morphological divide running along the
Vukomerieke Gorice ridge. The Zagreb aquifer system is a part of the Sava River catchment. so its western
boundary could be defined as an inflow, and the eastern as the outflow boundary.

5. CONCLUSION

The Holocene aquifer supplying today the City of Zagreb with potable water is exposed to contamination and
on the verge of being overpumping. Thus, investigations have been undertaken in deeper deposits. The conducted
investigations have determined that the Holocene layer is underlaid with several permeable intervals of Middle
and Upper Pleistocene age which might play an important role in the future water supply of the city. They are
separated from the Holocene aquifer with clayey silt, and consist of alternating permeable gravel and sand. Their
thickness is considerable. Their replenishment under natural conditions is the result of infiltration of precipitations
in the Vukomerigke Gorice area. In adition to detected Upper and Middle Pleistocene aquifers, there are indica-
tions of permeable layers inside Lower Pleistocene and Upper Pliocene deposits. It is imperative that the addi-
tional geological and hydrogeological investigations be conducted for exact spatial position and exploitation
reserves of these deposits to be determined.
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SOME HYDROGEOLOGICAL AND GEOTHERMAL CONSIDERATIONS OF THE
DRINOS-SARANDA AREA (SOUTHERN PART OF ALBANIA)
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ABSTRACT

The paper deals with hydrogeological and geothermal conditions of this area that represent one of the
largest karstic basins in Albania. From the geological setting the area consists of all types of deposits, but car-
bonates are predominant. The carbonate deposits represent eroded structures that are exposed in the highest
parts of the relief, that in general is mountainous.

The heavy rains, developed karst, intensive circulation of waters as well as the isolation screens in west of
Mali Gjere structure and within carbonate deposits have conditioned forming of several springs with different
flows. With great interest are the data on the movements of underground waters in Drinos syncline and their
influence of having of low geothermal gradient values in this area. There are many problems for their further
study, carrying out of complex analysis as well as the monitoring and managing of these springs in conformity
with international standards.

KEY WORDS: Mali Gjere, Drinos, Saranda, Syri Kaltert spring, underground waters, karst, geothermal fea-
ture, underground movement.

1. INTRODUCTION

The study in complex of the surface and underground waters, is an effective method to define their genesis
and movement as well as to evaluate those. This paper aims to make a general presentation of the data for the
Drinos-Saranda area. This area is located in southern part of Albania. It extends in Greece in south and east,
Jonian Sea in west, and contacts with Kurveleshi massive in north.

In area many springs are evidenced that are related with deposits from Quaternary to carbonates of Triassic
age. The waters with origin from carbonate deposits are predominated. These data are evidenced in several
wells drilled in this area. There are also many data as to rivers that run through area and Butrinti Lake. The
analysis is carried out at different periods for a period of time relatively long and for different purposes. This
fact does not allow the comparison of these data and drawing of the exact conclusions.

Even the waters are present in area; there are several problems for their using. This is related with the
manner of distribution of these springs, their yearly water flow, demographic development of area etc. The most
important is the level of using of these springs, especially for public needs.

2. SOME DATA ON STRATIGRAPHY AND TECTONICS

The Drinos-Saranda area is part of the Jonian Zone. It is located in southern extremity of Albanian territory
and continues in northern Greek territory.

The evaporate deposits outcropped in the western wing of the Mali Gjere structure is the oldest deposits
encountered in this area. These deposits are exposed at the surface through tectonic faults(Fig 1). These depos-
its are also encountered by Delvina wells as well as the Butrinti-1 well that is drilled in Xara-Mursi diapir. These
deposits consist of clays, breeches, dolomitic limestones, gypsum’s, anhydrite, rock salt etc (Papa 1980). In con-
tact with these deposits are massive dolomites of the Upper Triassic age that consist the central part of the Mali
Gjere-Bogaz anticline and other structures in depth.

Successively on dolomite deposits lay carbonate deposits of Lower Jurassic to Paleocene age represented by
dolomite limestones, algae limestones, crystalline limestones, pelitomorf limestones and micritic limestones
intercalated with cherty lents etc. Within the carbonate section, the Toarian and Albian schistose beds are
evidenced. The thicknesses of these deposits are considerable and these are assumed to be possible seals (Papa

L. Oil & Gas Institute, Department of Geology, Lagja 1 Maj, Fier-Albania
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1980). Sinsedimentary faults are evidenced in the Mali Gjere section, particularly in the Jurassic deposits. The
Mali Gjere section is the only one pelagic section in Jonian Zone for Mesozoic deposits. With its position,
exposure, characteristic biofacies, perfect bedding as well as the presence of the slumps horizons does it with
special values for geosciences. The flysch section of Paleogene is represented by clays and sandstones interca-
lated with limestone beds which are more abundant in the oldest part of the section (Mertiraj 1985, Nazaj 1985).

The package of clays and marls with sandstone lay on the top of the section. It is with interest to emphasize
that starting from Lower Jurassic to Hatian it is evident the reducing of thicknesses of these deposits from East
to West and from wings to the tops of structures

The Aquitanian deposits are successive on the old ones while in Libohova those are with stratigraphic break
on Oligocene deposits (Gjoka 1970). In the north of Drinos-Memaliaj syncline, the Burdigalian deposits are
represented by successive marls and limestones while in Saranda area, the Burdigalian deposits are transsgesively
to the flysch deposits. Characteristic is deposits of Burdigalian deposits that set up the Finiq hill.

The Langhian-Serravalian deposits in the northeastern part of Drinos syncline represent the regressive ma-
rine tongue towards north (Fig 1). In southwestern part, in Butrint zone and Xara-Mursi field it is distinguished
transgressive laying of Pliocene deposits with presence of coal strata (Mertiraj 1985). The Quaternary deposits
on the slops of mountains are represented by breccias, while in the values of rivers and in fields are represented
by gravel and clays.

The structures have in general SE to NW orientation and continue in the form of chain, or northern periclines
displaced towards east (Mali Gjere). In general, the structures are asymmetric, with smooth eastern wings while
the western ones are faulted and overthruested towards west. There are cases of fan and back thrust structures,
the most typical case is the Saranda anticline(Fig 2).

From East to West are evidenced:

Anticline belt of Berati with carbonate structures of Lunxheri and Bureto

Synclinal belt of Drinos-Memaliaj

Anticline belt of Kurveleshi with huge carbonate structure of Mali Gjere, while in the west separated through

Dhrovjan-Humelice syncline, are located the anticlines of Krongji-Shendeniko, that continue in north to-

wards Bistrica and Ftera, anticline of Cerkovica that continue to the North in Fitore, Krane-Finiq, as well as

the anticline of Cembeli, that are separated through the synclines of Velahovo Grazhdan and Memorahi.

Synclinal belt of Vurgu

Anticline belt of Cika, which consists of Saranda, Cembeli and Bogazi anticlines.

3. IN GEOMORPHOLOGY AND HYDROLOGY BRIEF

Generally, the area is a mountainous relief and with relative high quotes. The eastern chain of Lunxheri-
Bureto that is interrupted by Selcka valley have a elevation of 1800-2100 m. Mali Gjere structure is high 1450-
1600 m. Exception is Qafa Muzina with elevation of 572 m. Towards south the elevation reduces up to 1200 in
the Albanian-Greek border.

The Dropulli valley is a narrow one between above-mentioned units, with presence of hills in eastern part.
Its maximal width is up to 5 km. The Drinos River that runs through it has a water-collecting basin about 500 km’
of which half is within Albanian territory. Kseria and Suha streams and Viroi spring close to Gjirokasta town
pour in it (Fig.1). The average flow measured in Lekli bridge is 59.1 m?/sec during the period with rains (Octo-
ber-April). The average yearly rainfall is over 2100 mm.(Pano 1985)

The Vurg field with a little bit hilly relief in eastern and southeastern part, is run from Kalasa-Bistrica rivers
with a water-collecting basin about 450 km® with abundant flows during all year (Fig.1). Analyses data show
water with similar features with it of Drinks River, Changes happened in water regime in 1969 when the pour of
Beatrice River changed from into Burundi Lake to Saranac bay, in Coca (Piano 1985). In southern part meander
the Paella River with a water-collecting basin about 375 km?, of which 300 km® are within Albanian territory. The
average yearly rainfall in Saranac area varies from 1300-1600 mm.

The Burundi Lake with a surface of 16 km? is located on carbonate and evaporates deposits of Triassic age.
The connection of this lake with Joni and Sea and the active exchange of water are realized through a channel
with a depth of 6m and a width of 160-80 m (Fig 1). The average depth of lake is 14 m, while the maximal depth
is 23m. In southeast of Butrinti Lake is located the Reza Lake. The water of Butrinti Lake is salty, with total
mineralization of 24-36 gr/l and of chloro-magnezial type. Up to the depth of 7 m it is determined a gradual
increase salinity, while deeper is stabile (Tab 1). Waters of surface springs that pour in it, in southern part, in
total have a flow of 850 I/min. These waters are very rich in H.S and its decomposition has caused massive
destroy of fauna. This phenomenon is identified by means of observations during last 40 years (Mertiraj 1985).
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4. SURFACE AND UNDERGROUND WATERS, THEIR ORIGIN AND MOVEMENT

Drinos-Saranda area is the main water pool in Albanian territory, which is related with carbonate deposits.
Carbonate deposits extend almost in 2/3 of region. Only Mali Gjere structure has a surface of 450 km®. Informa-
tion collected in wells drilled has proved continuation of the structures further. towards north.

Funnels, dolina and karstic fields, hanging valleys, vertical wells and caves with different dimensions charac-
terize in general the morphology of the carbonates. In these carbonate deposits is developed poorly surface
hydrographic net, in contrast with underground one, which is more developed. In conformity with degree and
character of permeability, the waters are characterized by flowing in channels or the diffuse flow (Tafilaj 2000).

In the karstic zones, the effective infiltration reaches value of 45-55% of the annual rains. In Mali Gjere
mountain, this value reaches 1200-1300 mm/year.

The karst phenomenon is developed in Saranda area as well. The western part of the Mali Gjere wing, the
karstic phenomenon is well-developed. The same phenomenon is identified in the other carbonate structures.
This phenomenon of karst is studied in the Bistrica tunnel, which penetrates Krongji mountain that it is opened
for using of the water for power generation in the Bistrica hydropower station. Carbonatic massive of Mali Gjere
represents a complex with huge water reserves and springs with rates from considerable to low. Water move-
ment direction is different, for the lower horizon mainly it is towards west. as to two other upper horizons it is
towards east without excluding flowing towards west.

Lower horizon (Upper Triassic-Lower Jurassic) is the most powerful horizon. It discharges huge quantity of
water in the Syri Kaltert, Kardhikaqi, and Navarica springs. The springs are located over the contact between
evaporates in north and flysch deposits in south that serves as screen. Syri Kaltert is the main spring. It has stable
flow rate of 18.5 m¥sec. Its elevation is approximately 365 m. The other horizons. which are separated from the
Toarian and Albian shales hypsometrically, are relatively higher and in these deposits there are springs with low
flow rates and have a seasonal character. Viroi spring is the main one, it is with considerable flow rate, but
during the summer it dries up. Its origin is as result of infiltration of the rainwater in the depth through porosity,
fractures and vogues. The same origin has and the cave of Kalogoranxi with a water table of 4 m above sea level
in summer. In winter the water runs from cave to Kseria stream (Gjoka 1970) To emphasize developed karst in
this region, the people of the region is still telling a legend where to drown bridge in Scotinia was found in Virua,
10 km in north.

Carbonate deposits in Drinos syncline set up a basin with intensive water flow up to its center at a depth 2000
m. and sometimes deeper. In the wells drilled in Erind and Nokova, during the testing it was identified the
presence of fresh waters, similar with surface waters, with low temperature and of type bicarbonate-sodic. In
these waters, bicarbonates, sulfates and other alkaline metals are predominant(tab 1). This depicts for a direct
communication with surface and intensive flow. Higher mineralization and higher content of the components in
the water of well Erind-2 in compare with that of the well Nokova-1, let us to draw the conclusion that there are
two springs, this means one from Mali Gjere and the other from Lunxheria, (Fig 3)(Tab 1) The Glina spring is
related with zone of the contact between carbonates and evaporates. It is of the type sulfate-sodic (Sota 1982).
Due to its curative properties, it is used for a long period of time as drinking water. Last time, the cold waters of
Uji Ftohte (Tepelena) and Libohova (Bureto) are using as drinking water.

Infiltration and flowing phenomenon in carbonates is present also in the west of Mali Gjere in Saranda, but
with lower intensity. Typical is the water flow from Cerkovica and Livina to Fitore, Bistrica and Kalcat. The
fresh waters of the bicarbonate-sodic type are encountered at different depths, from shallowest levels 200-500 m
in Bistrica, Fitore and Delvina Fig 2), at medium depths approximate 1000 m. in Vana, and at depth 1500-2000
m. in west, in Fitore and Kalcat. In the wells of Fitore, during rains season discharge on the surface, while during
the summer the water table is about 100-150 m from well heads (Tab 1).

Salted waters are encountered in the wells of the Crane, Finiq and Delvina fields. In general, the degree of
filtration and circulation of waters are related both reservoir properties of the carbonates and development of
the fractures and karst, that in the carbonates are heterogeneous.

In the Butrint-Mursi area, in the Bogazi anticline there are some water springs that are related with zones
with good reservoir proprieties. Two zones with powerful springs are evidenced: One during the Pavla riverbed,
in its deltaic part, nearby Jonian Sea and the other between them (Fig 1). Flow rates of springs are high, with
waters of chloro-magnezial type and mineralization up to 4 gr/l (Mertiraj 1985). Wells drilled in the south of the
Butrinti Lake have penetrated both Upper Triassic carbonates and Pliocene deposits. Analyses of waters from
these wells show the same composition, due to low elevation up to lake level (Tab 1).

The flows of springs in Quaternary deposits, in the zone of the Vurg and Dropulli fields as well as those at
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wells drilled for water are low 0.4-4.5 I/sec. with origin from infiltration of the rains, with a static level 2-15 m,
and of chloro magnezial type (Tab 1). During the summer period the flow rates are lower (Pano 1985). The
springs of Quaternary (Pleistocene) deposits that are related with breccias of slopes mainly in the western flank
of Lunxheria, are with low up to medium flow rates and bicarbonate-sodic and sulphate-sodic types (Papa 1980).

5. ON GEOTHERMAL CONDITIONS OF THE REGION

Based on the regional geothermal study, it is concluded that this area has geothermal gradient values lower
than those of the western part of Albania (Gjoka 2000)(Fig 4). This phenomenon is due to predomination of
carbonate deposits on surface. Developed tectonics and karst influence in these values. This phenomenon is also
present in the northern part of Greece, where the values of geothermal gradient are lower then those in other
part of territory (Tahtikos 1985). The abundant rains, intensive infiltration and circulation of the cold waters at
considerable depth have caused the deformation and decreasing of depth temperature. Lateral effects of the
underground water flow are present up to several kilometers far, while in itself carbonate structure have de-
creased considerable geothermal gradient ( Gjoka 2000).

Based on direct geothermal data measured at wells drilled in Drinos area, the geothermal gradient results to
be low (0.18-40°C/100 m) in Libohova and Erind, whereas in Nokova area is ~0.07"C/100m. (Nokova-1 well).
Despite of mistakes that come as result of the short period of leaving the well for stabilization, it result that at
Nokova-1 well which is close to Lunxheri carbonate massive, the geothermal gradient to be negative. This sup-
ports what it is mentioned above.

In the southeastern part of Saranda, in the zone with intensive circulation and infiltration of the waters, the
geothermal gradient is low (0.1°C/100m). The data are measured in wells of Kalcati. From Butrinti towards
north and from Delvina towards west (in Vana), the gradient values increase from 0.6 and 0.45 to 0.72 "C/100m
respectively. Generally, these values are lower then in other part of Jonian Zone. These data show for a gradual
increase of the geothermal gradient from east towards west. In the Jonian Sea, where Pliocene and Miocene
deposits increase generally their thicknesses (as it was resulted from seismic acquisition performed in shelf) the
value of gradient should be higher (Gjoka 2000).

The results of several analyses performed on samples collected on flysch deposits of Saranda area showed
lower thermal conductivity than the other part of Jonian Zone. To draw accurate conclusions about this phe-
nomenon, it is necessary that a great number of samples for all deposits of this area should be analyzed.

6. CONCLUSIONS

Studying of the Drinos-Saranda area brought us to the following conclusions:

1. The carbonate deposits dominating in the region build up anticline structures, in general asymmetric, with
tectonic faults and overthrasted towards west. The mountainous and rather rough relief is related with devel-
opment of this structure in time.

2. The presence of developed karst in this area favors a high infiltration that is about 45-55 % of annual rainfall
on Mali Gjere region.

3. The presence of shale horizons within carbonate section and the screens mainly in the west have conditioned
for Mali Gjere the presence of three water bearing horizons, where the first is the strongest.

4. On the western part of Mali Gjere, the springs are above the contact of evaporates or flysch that serve as
screens, the most powerful is Syri Kalterte spring. On the eastern part, the Viroi springs and Skotinia are
situated at the elevation 270m. The waters of springs are generally bicarbonate-sodic type and less of the
sulphate-sodic type. The chemical composition of these waters is result of the type of rocks that these waters
penetrate and the distance up to their springs.

5. The waters that discharge in the Butrinti Lake is relatively saline because during filtration these waters
contact with evaporate diapir of Bogaz.

6. Hydrogeological underground pool does not match with it at surface. It is bigger because of communication
with neighbor pools, such as the case of Mali Gjere and Lunxheria. Circulation proved at a distance about 20
km, from Erind-Nokova to Libohova shows that almost all the Drinos syncline has a intensive circulation of
waters.

7. The presence of bromine and iodine at waters from Erind, Nokova, Fitore, Kalcat and Vurg wells shows that
carbonate section is penetrated by migration of hydrocarbon.

8. The area is characterized by a low value of geothermal gradient sometimes to negative one which increases
slightly passing to west and towards the sea it is excepted to be higher.
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Distribution of hydrochemical parameters

The map of the distribution of chloride (CI') in the aquifers (Figure 2) shows a general increase of the ion
concentration down-gradient, to the north towards the coastal line. Chloride concentrations are lower along the
main river courses and especially along the river Asopos, compared to the neighbouring areas. In addition to the
afore observed trend, statistical analysis carried out exhibits a general increase of the chloride concentrations to
an eastwards direction (Voudouris et al., 2000a). Despite however the described general trends, specific areas
characterised by significant increase in chloride concentrations are observed along the coastal zone between
Kato Assos and Vrachati and especially along the easternmost part of the studied region, between Lecheo and
Ancient Corinth, as illustrated in Figure 2.
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Figure 2: Chloride ion distribution map.

Nitrates are noticeable throughout the entire region (Figure 3), rendering most of the analysed waters im-
proper for human consumption, as concentrations by far exceed 50mg/l (E.U. Council, 1998). No specific pat-
tern can be identified with regard to nitrates concentration distribution. However, the following remarks may be
made: highest concentrations are observed in specific areas, namely at Lecheo-Ancient Corinth area, Kato
Assos, Kokkoni-Evangelistria, Krines, Zevgolatio, Velo-Moulki-Sikyona. On the contrary, low concentrations
are mainly observed along the southernmost part of the studied region, and along the coastal lines at Vrachati
and at the river Asopos estuary.

Electrical conductivity generally increases eastwards and this is also indicated by the statistical analysis of
the hydrochemical data (Voudouris et al., 2000a), and reaches its peak at the Lecheo area (EC>4000pS/cm).
On the contrary, its lowest values are exhibited along the southwestern part of the region, where river Asopos
flows through the plain.
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Figure 3: Nitrates distribution map.

Durov classification

Interpretation of the hydrochemistry of the groundwaters has been carried out using the expanded Durov
diagram (Burdon et al., 1958; Lloyd et al., 1985). Four major water types have been identified on the basis of
their major ion composition and have been distributed geographically (Figure 4). The characteristics of those
types are as follows:
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Figure 4: Geographical distribution of identified water types.
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Type I: A Ca™ to Ca™, Mg™'-HCO, water, which indicates proximity to the recharge zones of the aquifer
system. Recharge occurs mainly from carbonate-dolomitic rocks, or from sediments rich in such material, such
as sandstones, conglomerates etc. This type of water occurs along the southern and especially the southwestern
part of the studied area.

Type II: AMg™-HCO_, SO * to Mg™*-SO,* water, which indicates mixing process of recharge with resident
water and/or initiation of dissolution processes. lon exchange processes are also possible. Geographically, this
water type is developed at a NW-SE direction, whilst it also appears at a narrow stripe between the rivers
Peristereona and Zapantis and also west of river Asopos. It mainly denotes a transitional phase from recharge
areas to end-water members.

Type III: A Mg**-SO*, to Mg™*, Na*, K*-8O," water, which denotes water at distance from the main re-
charge zones, but still relatively fresh. Mixing with resident groundwater and dissolution are the prevailing
mechanisms. lon exchange may also have influenced this water type. Analysis of the samples that fall in this
category suggests that the marginal samples are subject to saline water intrusion. This water type is found fur-
ther downstream of water type I1 and especially along the northwestern part of the studied system, at the areas
of Lecheo, Perigiali, Kato Assos and Vrachati.

Type IV: A Na*, K*-HCO,, to Na*, K*-SO,* water, which denotes excessive mixing and ion exchange proc-
esses, and possibly saline water intrusion from the sea, despite the observed high bicarbonate concentrations
(Panagopoulos et al., 1999a). The low chloride concentrations observed in this water type do pose a problem in
fully accepting the possibility of saline intrusion. This type of water is only seen at a restricted area along the
coastline of Vrachati.

Groundwater evolution

Groundwater evolution study had to be based on the sampling sessions conducted within the framework of
this study, as no reliable historical data exists. A hydrochemical section A-B across the studied region is pre-
sented in Figure 5, where all four identified water types are met.
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Figure 5: Hydrochemical section across the studied region. Direction A-B as seen in figure 4.
In the southernmost part of the section (A), it can be seen that the prevailing ions are calcium, magnesium
and bicarbonates, whilst sodium, potassium and chlorides are low in concentrations. Moving northwards to the

coastline, where the end-point waters of the studied system exist, the concentrations are dramatically altered

- 1995 -



and sodium, potassium and chloride are the prevailing ions, whereas calcium and magnesium are almost dimin-
ished and bicarbonates decreased. As expected, electrical conductivity follows a similar pattern, hence it is low
upstream and progressively increases towards the coast. It becomes apparent that along the section’s direction a
number of hydrochemical alterations take place. Hence, in the southern part fresh recharge water enters the
system and progressively mixes with residence water of the aquifer system. The mixing ration increases moving
northwards. As the distance from the recharge region increases, lithology becomes finer and water mobility
decreases, mixing becomes less important and ion exchange dominates. The latter process is enhanced also by
saline intrusion at the Vrachati area, as suggested by the abrupt changes observed in ion concentrations (water
type IV).

To the west of the section, groundwaters exhibit a different evolution. Hence, ion exchange does not appear
to be of importance, indicating that recharge is richer and water mobility higher. As a result, mixing and dissolu-
tion probably are the prevailing processes. Saline water intrusion is not apparent due to both the increased
recharge and also the finer lithology along the coastal line, which acts as a barrier to the sea.

The eastern part of the aquifer system resembles the evolution described along the hydrochemical section,
with the exception of the strong ion exchange processes exhibited in the end-point of the system (B point of the
hydrochemical section). This differentiation is attributed to the restricted saline water intrusion and also to
localised hydrogeological conditions that result in very shallow water levels, hence, in water salinisation from
percolation of irrigation waters and fertiliser remnants.

Nitrates are generally high all over the studied system and in conjunction to the entire ion composition of the
examined samples it was concluded that groundwaters fail in most of the cases the drinking standards set by E.U.
(E.U. Council, 1998), and in many areas they are problematic even for irrigation purposes (Voudouris et al.,
2000b; Panagopoulos et al. 1999b). Apart from the observed high nitrate background concentration, distinctive
areas exhibit peak concentrations in excess of 100mg/! that are attributed to point pollution sources from landfill
leachates, irrigation returns and effluent from domestic and livestock waste. As shown in similar studies (Chettri
et al., 1995; Panagopoulos et al. 1995), these waters indicate locations nearby recharge areas and/or of favour-
able conditions for infiltration of polluted surface water to the shallow saturated zone.

Conceptual model

A shallow unconfined aquifer is superimposed on successive confined or semi-confined aquifers. Due to the
discussed heterogeneity, these aquifers are either bounded by lateral lithological transitions, or extend into an
adjacent unit. In parallel, within the secluded thyrrenian conglomerate blocks overhanging aquifers of low po-
tential may develop. As a result of the described geometry, a number of distinct aquifer units of local signifi-
cance and small extent have developed and are evidenced by the observation of varying piezometric heads in
adjacent wells-boreholes. Despite the documented heterogeneitics however, it is suggested that on a regional
scale a uniform aquifer may be considered on the basis that observed lithological anomalies are not extensive
and most groundwater level measurements are indicative of a single piezometric surface (Panagopoulos et al.,
1999a).

Groundwater crossflow from the formations that bound the studied aquifer system along its southern bound-
ary. is one of the most important recharge sources to the studied system (Figure 6). This source is of importance
mainly along the fluvial and torrential deposits of the contemporary streams, especially so at the River Asopos
deposits. The lithology of the fluvial deposits suggest that conditions are favorable for river water infiltration to
the saturated zone, and this is proved by the results of the differential discharge measurements carried out along
the river Asopos.

Overland flow from the Thyrrenian deposits are also contributing to the recharge of the system. Direct
recharge from infiltrated precipitation also exists but it is not thought to be significant compared to the other
sources. Winter-time flood irrigation is commonly practiced along the entire region and this contributes signifi-
cantly to the recharge of the system, as it is applied for prolonged periods at large areas.

Finally, saline water intrusion recharges the aquifer system at least seasonally, over the dry summer and
autumn period. Although this phenomenon is thought to occur at various scales along the coastline, it is more
apparent at Lecheo, Kato Assos and Vrachati. It has to be stressed however, that so far the salinisation of the
system is restricted due to the geological conditions along the coastline and also due to the fact that over the wet
season groundwater levels along the coastal part of the system recover at positive hydraulic heads.

Overall, the system receives higher recharge along its western part (river Asopos), whereas towards the east
it reduces considerably, so does groundwater circulation. Direct recharge from surface water percolation (irri-
gation returns and to a minor extent precipitation) is important across the region but plays a major role to the
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system’s evolution along the eastern part, where groundwater levels are very shallow).

5. CONCLUSIONS

It has been demonstrated that examination of hydrochemical data can provide useful information with re-
gard to the hydraulic controls on an aquifer system. The main recharge areas were identified and an understand-
ing of the flow mechanisms developed. Groundwater quality was found to be unsuitable for human consumption
in most of the areas and even problematic for irrigation purposes in large parts of the region. This condition is a
result of the local hydrogeological conditions, coupled with the traditionally applied flood irrigation, the over-
fertilization and the complete lack of environmental awareness regarding waste disposal.
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DESIGN, IMPLEMENTATION AND OPERATION OF A LARGE SCALE
GROUNDWATER QUALITY MONITORING NETWORK

G. ZACHARIOUDAKIS', M. STREETLY' AND M. FERMOR'

ABSTRACT

The main elements of the development of a groundwater quality monitoring network include, setting of
objectives, selection of design criteria, frequency and determinands for analysis, and a choice of an appropriate
data management tool for data manipulation, interpretation and reporting. The objectives of the monitoring
network should be initially defined. The hydrogeological setting, the land use, budgetary limitations and moni-
toring points density comprise the main design criteria. The sampling frequency depends mainly on the
hydrogeological conditions and the suites chosen for analysis is a function of local issues, the natural geochemical
conditions of the aquifer and also human activities which could introduce a potential contaminative threat. The
selection of a robust data management system is essential to handle, migrate and adequately store the data to
enable interpretation and reporting.

KEY WORDS: groundwater quality; monitoring network; Water Framework Directive; data management; sam-
pling strategy

1. INTRODUCTION

During recent years the increasing need to manage water resources proactively and the growing awareness
of the technical difficulty of remediating groundwater once it has become contaminated has led to an increased
requirement for monitoring the background quality of groundwater. Groundwater quality varies naturally in
space and time. This natural variability of groundwater quality is a complex function of the physicochemical
processes occurring between the aquifer material and the groundwater and the residence time in the aquifers. It
is neither technically feasible nor economically justifiable to monitor everywhere all of the time. Consequently,
the design of a groundwater quality monitoring system involves a cost-effective approach that considers the
objectives and any limitations. The monitoring points locations, the time, the sampling frequency, the results,
analysis, storage, interpretation and reporting are also issues that need to be investigated and resolved.

To be truly effective monitoring programmes for groundwater quality therefore require that:
the objectives of the monitoring are properly defined

a transparent and achievable strategy is established

there is sufficient conceptual understanding of the aquifer and pressures on it

there is adequate planning of collection, handling storage and analysis of samples.

data are properly archived and easily retrieved so that interpretation and reporting is simple.

This paper outlines the main issues involved in the design, implementation and operation of a groundwater
quality monitoring network. This work presents an overview of the ongoing review of national groundwater
quality monitoring in England and Wales(ESI 2000a).

2. NEEDS AND DRIVERS FOR THE DESIGN OF A GROUNDWATER QUALITY NETWORK.

The main legislative driver for national monitoring of groundwater quality in the European Union is cur-
rently the recently published the Water Framework Directive (2000/60/EC).

The purpose of this Directive is to establish a framework for the protection of inland surface water, transi-
tional waters, coastal waters and groundwater. In regards to groundwater quality issues, this framework is
intended to prevent further water quality deterioration, restore bodies of groundwater and ensure a balance
between abstraction and recharge.

I. Environmental Simulations International (ESI) Priory Road, Priory House, Shrewsbury SY1 1RU, UK
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The Water Framework Directive specifies that all Member States should monitor groundwater bodies both
qualitatively and quantitatively. These groundwater bodies would meet certain criteria (such as supported yields,
use of water). General guidelines for groundwater quality monitoring, network design, frequency of sampling,
interpretation and reporting are presented in Annex V of the Directive.

The Groundwater Directive (80/68/EEC)mainly focuses on pollution prevention of the groundwater by sub-
stances that are grouped in two lists (List I and 1T)and are reported in detail in the Directive Annex. It requires
a clear understanding of the hydrogeological systems, the natural defensive and attenuating properties which
require the establishment of baseline (natural)groundwater quality conditions through surveillance groundwater
quality monitoring.

Another relevant Directive that requires groundwater quality monitoring is the Nitrates Directive (91/676/
EEC) where State Members are required to establish surveillance monitoring of all groundwater to provide the
basis for designation of Nitrate Vulnerable Zones and effectiveness of action plans.

3. OBJECTIVES OF A GROUNDWATER QUALITY MONITORING ASSESSMENT.

The main objectives of a national groundwater monitoring strategy are principally driven by the legislative
and institutional framework, the importance of groundwater as a resource and the strategy for the protection of
groundwater, It is essential to identify the objectives of a groundwater monitoring strategy prior to the actual
network design. The objectives of a groundwater monitoring strategy should(Chilton, Milne 1994)
¢ comply with statutory and non statutory National and European commitments
e provide objective comparable and reliable information that could be used, stored, combined and retrieved in

a simple way.

e define baseline groundwater conditions, in both currently used aquifers and those as yet unused, so that
suitability for future use and potential impact of permitted discharges is assessed.

e determine trends in groundwater quality and quantity, against the identified baseline resulting from natural
causes, from the impact of diffuse pollution sources (particularly for nitrates).

e provide a three-dimensional picture of groundwater quality within aquifers, where suitable infrastructure
exists.

e provide early warning of groundwater pollution, particularly in outcropping aquifer recharge areas and other
sensitive areas, such as wetlands.

e identify links between groundwater systems, surface water systems and terrestrial systems (land use) to sup-
port a truly integrated approach to river basin management.

4. DESIGN CRITERIA

At a large scale, each groundwater body may be characterised and differentiated by its unique socio-eco-
nomic regime. Local needs and pressures could influence the theoretical criteria that would apply to the design
and choice of the appropriate monitoring points for groundwater quality monitoring.

The criteria selected should reflect and incorporate the guidelines set by legislative bodies, the land use and
local issues. They also need to be structured on a robust scientific base reflecting the hydrogeological setting.
Costs should be analysed and the criteria chosen should ensure a cost effective approach. Application of these
criteria should result in a network that will also satisfy the specified objectives of the monitoring.

The design criteria are related and should satisfy the specific objectives of the groundwater monitoring.

An initial step is the aquifer characterisation in respect to supported yields, use and significance. In this
stage the aquifers that would be required to be monitored should be selected.

A hydrogeological assessment should identify the main groundwater flow mechanisms, the residence time of
the water in the aquifer, the interaction of groundwater with surface water bodies, and the recharge and dis-
charge zones of each aquifer. A conceptual model should quantify the demand and the available resource. The
permeability and hydraulic properties, the drift or superficial deposits cover and the soil leaching potential
should be assessed to identify the natural protection of the system to potential contaminative risks. In other
words, the overall aquifer complexity and vulnerability should be determined.

The different types of land use should be defined so that susceptibility to various types of potential contami-
nation is assessed. Groundwater quality is affected by the land use overlying the groundwater system as well as
up hydraulic gradient in the aquifer. The land uses could be grouped in simple categories to avoid complications
in the methodology development.

One suggested approach to the selection of the appropriate points reflecting the different steps highlighted
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above, could be the structure of a prioritisation matrix that will assess the needs, pressures and priorities of use
of a specific point within a designed network.
Table 1 presents an example of such a matrix considering the various components of the criteria design:

Table 1 Monitoring points selection matrix

i1

Priority Level® Principal Purpose/Criteria Minimum Aquifer A
Quantitytit (example)
Optimum number of monitoring points required® = 12
la Recharge (Unconfined) 1 BH1
Discharge 1 BHY, 6
1b Confined Aquifer 1 BH3
2 Land Use” -Arable 1 BH1,8
Land Use - Urban 1
Land Use -Grassland 1 BH4
Land Use - Semi-natural d:
vegetation
Land Use Forestry 1
3 Land Use - Arable 1
(deep/shallow)
4 Land Use - Urban sub-division 1
(industrial/residential)
5 3-D monitoring 1
3-5 Local/Other criteria X BH5, 7

i Priority ranking for developing the monitoring network. Highest priority areas should be addressed first.
Where local issues and conditions dictate, some re-prioritisation may be necessary for levels 3-5

ii The monitoring point selected may satisfy more than one criteria, e.g. be suitable as the recharge and arable
land use type sampling point. Hence, the borehole identifier inserted into the matrix may occur more than
once.

iti The minimum number of monitoring points required for each category in an optimised groundwater body
network. Additional monitoring points are likely to be required for some categories on the basis of special
density criteria and conceptual model.

iv The optimum (target) number of monitoring points in each groundwater body should be determined depending
on the hydrogeological regime of the aquifer and its importance as resource. The distribution of monitoring
points should be based on the prioritisation matrix and the conceptual model. Statistical methods could also be
used.

v Land use within Groundwater bodies will be divided into one of five types and each will require a minimum of
one monitoring point. Guidance will be developed to establish a protocol that considers how land use should be
identified and appropriate areal thresholds

The spatial density of the monitoring points should be derived after careful judgement of the parameters
above. Statistical methods may also be considered for the calculation of spatial density requirements(Chilton,
Milne 1994). These approaches focus mainly on network optimisation to ensure that the hydrogeological com-
plexity and groundwater quality is properly represented. Statistical methods are difficult to apply due to uncer-
tainties and the complex nature (heterogeneity) of aquifers. As an example Chilton and Milne (1994) suggested
that for England and Wales the monitoring network should consist of:

e one sampling point per 25 km” for the outcrop areas of aquifers that have a high yield and are significant as

a groundwater resource

one sampling point per 35 km’ for the confined areas of such aquifers

one sampling points per 50 km? for outcrop and confined areas of other aquifers with smaller yields and

which are less significant as a resource.

5. NETWORK IMPLEMENTATION

Implementation of the design criteria should have a primarily cost effective basis. A groundwater quality
monitoring network should consist primarily of existing abstraction and observation boreholes.
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Candidate monitoring points could include:

a pumped borehole (public water supply, or municipal irrigation abstraction or industrial)

a small abstraction (private borehole)

a borehole that is not pumped but will be purged during sampling

a spring

The differentiation of the above categories is the pumping yield and the time required for adequate sam-
pling in each case. The ideal network should comprise mainly medium to small yield abstractions, purged boreholes
or springs. In this way, the groundwater sampled represents relatively local to the sampling point quality condi-
tions, which allow a clearer understanding of the quality issues and identification of potential deterioration
origins in the monitored aquifer system. A hypothetical example should provide a better perception:

Let’s suppose that the monitored aquifer system is an unconfined aquifer where large and smaller abstrac-
tions exploit the groundwater. The main land use in the area is arable. Selection of only the large abstractions
in a monitoring network will show the effects of the farming activities in the groundwater (a rising trend to the
nitrates) but no more information could be obtained. However, if smaller abstractions are incorporated in the
network, more information about the source and the development of the contaminative threat could be ex-
tracted from a routine groundwater monitoring exercise.

However, such an approach is not always cost beneficial. Therefore, a maximum proportion of heavy ab-
stractions over the total number of points within an aquifer should not be exceeded during the selection of the
points that already satisfy the design criteria. This proportion is function of the size and the flow mechanisms
within the aquifer, the available points that satisfy the design criteria and the available budget for the selection
and implementation of new monitoring points.

Adequate information about total depth, screen depth, aquifer monitored and construction specifications
should be available for all the network monitoring points. Springs should also be targeted for implementation
in the network subsequent to a hydrogeological conceptual model that will assess the spring flow mechanisms
and groundwater origin. Furthermore, additional new boreholes should be drilled to satisfy density criteria and
other network design factors. Abstraction points that exploit multi-aquifer systems should also be identified so
that trends in the groundwater quality could be monitored in the vertical dimension.

Discharge wells and/or springs that are used as drinking supplies and are regularly sampled to comply with
drinking water guidelines should also be identified and selected. In this case, specific agreements should be set
with the companies/authorities responsible for the above category of wells so that the targeted sampling suites
and frequencies for the monitoring purposes are agreed.

If more than one points are candidate for a specific site after this pass, then accessibility issues should be
investigated. All the selected points should have a health and safety assessment done, which will guarantee the
good condition and operation of the point, the safety and the good working conditions of the visiting sampling
team.

6. SAMPLING FREQUENCY AND ANALYTICAL SUITES

The choice of analytical suite should represent a balance between obtaining sufficient information to char-
acterise the baseline (natural) quality and identify presence of contaminants (as part of the surveillance moni-
toring for the protection of the resource) and cost of the analysis. It is suggested that determinand suites should
be grouped into two categories: one standard suite and one selective suite.

The standard suite is the minimum for all samples collected. It should provide a basic analysis of all the
major groundwater quality components. The selective suite is tailored to address specific monitoring require-
ments and the exact determinands should depend on site specific and local factors. Detection limits for each
determinand should be appropriate for the major use of groundwater (drinking water)and in accordance with
national and european requirements.

The selective suite will need to be determined based on the activity and take account of human activities that
may occur and industrial processes. (ESI, 2000b). Table 2 presents a representative layout of the standard and
selective suites.
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Table 2. An example of Determinand suites for Groundwater Quality Assessment

Suite Determinands Notes
Field Parameters
Major Ions

ke

M

o

o

s Additional Specified target determinands identified

4 during initial characterisation which show
concentrations above background (e. g.
specific contaminants).

) Heavy Metals

3 Organic Compounds E.g. Aromatic hydrocarbons, halogenated

s hydrocarbons, phenols, chlorophenols, MTBE

« Pesticides Land use, environment and property (e.g.

& mobility) dependent.

Additional Other target determinands and

microbiclogical contaminants.

The sampling frequency of a monitoring network is considered as a function of the hydrogeological and
hydrological conditions of each site, the objectives of the monitoring strategy, and the total budget allocated for
the sampling and analysis operations.

The potential of groundwater quality alteration over a specific time period in a system, is related to the
specific flow conditions, to the rate of flow and nature of the aquifer. Thus, these parameters affect the flow
regime and the residence time of groundwater. Therefore, sampling should be more frequent in thin, highly
permeable, fractured or karstic aquifers in contradiction to thick granular, confined systems.

Sampling frequency should be a function of the susceptibility to changes of the groundwater quality at a
specific location. Groundwater residence time in the aquifer controls this susceptibility to changes. For example,
in an aquifer where the flow domain is fast, the residence time is small and the groundwater flows with higher
rates than within a slow flow domain. In such systems the potential of change in the groundwater quality is high.
Therefore, sampling should be more frequent in thin, highly permeable, fractured or karstic aquifers compared
to thick granular, confined systems.

The factors analysed above, are taken into account on Table 3 which presents a sampling frequency sched-
ule. This approach has been also adopted by Chilton and Milne (1994).

Table 3. Proposed Sampling Frequencies

Determinand Suite

Aquifer Standard Selective
Slow! Outcrop 6 monthly every 2 years
Slow Confined annually every 5 years
Fast? Outcrop 3 monthly annually
Fast Confined 6 monthly every 2 years

! <Slow’ aquifers means those with low permeability and/or high effective porosity.
? ‘Fast’ aquifers means those with high permeability and/or low effective porosity.

7. OPERATION

Some of the issues that need to be addressed, considered and resolved during the operation stage include:
e sampling strategy
e sample analysis and method development
e data migration, results analysis and reporting

It is essential that a consistent and robust sampling methodology should be established prior to any sampling
commencement. The groundwater sampling should be undertaken to fulfil field work health and safety require-
ments. The methodology should elaborate issues such as:
e recommended type and material of equipment for use
e purging volume and time to ensure aquifer rather than borehole water sampling
e sccure sample storage and transport
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Table 4 Main steps and levels within a groundwater monitoring programme’

Levels Needs Related Issues
Level 1 Legislative and
environmental
framework
Definition of EU guidelines and Directives
objectives

National legislation
Other initiatives

Level 2 Monitoring Current situation National guidance,
Strategy assessment establishment of protocols
Prioritisation of Human Resources, training
needs

Field and laboratory
services

Existing practice on data
management, processing and

reporting
Level 3 Operational Development of the Identification of
programme regional strategy - groundwater bodies

Design Criteria
Collation and evaluation of
existing data information on
groundwater systems
Local issues, pressures,
water use, land use, water
demands
Development of conceptual
model. Hydrogeological
conditions
Relevant point selection,
prioritisation of selection
(land use, hydrogeological
considerations, abstraction
rates), budgetary
limitations
Analytical suites, sampling
frequency

Network operation, Training, health and safety
sampling and analysis issues
Equipment maintenance
Data management, liaisons
with labs, lab checking
procedures, (blanks etc)
Reporting Analyses management, data
processing, results,
Feedback to the conceptual
model, verification,
reiteration of the process
to achieve best
representation of the system

'In each level more than one issues could be identified/resolved simultaneously

e equipment cleaning to avoid cross contamination when sampling more than one points with same equipment
e despatch of blanks and spiked samples to the labs for internal labs operations quality control.
e cquipment storage and maintenance after the end of each sampling session.

It is apparent that operation of a large scale monitoring network will result in numerous samples with mul-
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tiple results for each monitoring point during each sampling session. This data population requires a robust
data management system which will provide sample tracing and validation but also results storage and retrieval
for interpretation and reporting. Therefore, the data handling and management issues should not be over-
looked or ignored.

The selected data management system should be used during the different phases of the process from the
sampling stage to reporting. A unique identifier for each site should be established with a preferential encoding
that should denote, location and aquifer monitored from which the groundwater is sampled. The sample codes
should be created and input in the system prior to the sampling process. The sampling team should be supplied
with the codes and assign the appropriate one to each sample after collection. The laboratories should use if not
the same, a compatible similar system which could interact with the data management tool. In this way, data
check and import should be facilitated. If for example the samples are bar-coded, then the identification proc-
ess should be accelerated using a scanner. On the other hand, such a tool would be convenient for the labs,
because they would be informed for the expected number of samples and the detailed suite for analysis. Thus,
the results for a site would not be released for processing and interpretation, without all the sample records for
this site or with the wrong determinands analysed. Compatibility of such a system between labs and interpreta-
tion team would also allow automatic notification of data availability and data upload from the laboratories to
the agreed data storage location. This system should allow the user to query, report and generally manipulate
the data to conclude to the demanded deliverables.

8. CONCLUSIONS

The development of a large scale groundwater quality monitoring strategy is essential to monitor the base-
line quality of the aquifers and meet the wide ranging statutory and non-statutory requirements. This need is
reinforced by the latest European legislation, the Water Framework Directive. Table 4 presents a summarised
chart of the main steps of a groundwater quality monitoring programme.
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LYI'KPITIKH MEAETH THX EIIIAPALHE ®IATPON AIEAEYZIHE XAMHAQN
LZYXNOTHTON XE WH®IAKH EIKONA®

A. BAIOIIOYAOEL', I'. AIM. EKIANHE', B. TEAPMIIOL!

ZYNOWH

2oy napovon egYaoln pERETATOL TO TS EMOQOTV OV YM@Lory eméve Ta Tapoxdatw gikton Siéhevong
xapnhdyv ovyvotjrov: 1davixd, Bartlett o Butterworth. Awamotdvetar, petd and pabnpanui avdaivon, 6uto
@iktpo Bartlett eEaoBevitet To ofjua oe TéTolo Pabpd, dote va pny evdelnvutal yia aopdrouvan vpiouyvou
Bopifov. To Waviné giktpo xot To gpiktpo Butterworth €ouv ®alitepn anotel€opata, WOTGo0 10 1AVIRG
(iAo mpoxahel xupatoeldeis TapapopP@oEs oto ojua. H enidpaon tov giktowv eEaptdtal xaL ard Tov
Tino tov ofpatog. Ou mpoPfAéypels mg pabnuomis avdluong exainBevovial pe €heyyo o€ ouvbetin] ewdva
#aw 08 edva pavedp. Ta oupmepdoparto avtig g peAémg progotv va aEoromboty omy exetepyaaia do-
QUPOQLRMY ELXGVIOV UL HLEQOPWTOYQUPLIIV.

ABSTRACT

Low-pass filters are generally used for the removal of high frequency noise from a digital image. However,
larger targets in a digital image also contain higher frequencies and are severely affected by such filters. The
scope of this paper is to examine how the Ideal, Bartlett and Butterworth low-pass filters affect a digital image.

First, we examine how the three filters affect a one-dimensional signal, either in the form of a rectangular
pulse or a gaussian pulse and after numerical integration and subsequent graphing we reach the following re-
sults: All three filters diminish the brightness values of the image - the Bartlett filter by so much, as to make it
unsuitable for low-pass image filtering. A smoother pulse will generally deteriorate more than a sharply defined
one. The Butterworth filter is somewhat better, as it retains the form of the original signal, although the Ideal
filter provides more amplified brightness values, in the case of rectangular pulses, something that can be attrib-
uted to the oscillatory nature of the derived signal (Gibbs phenomenon). For higher cut off frequencies both the
Ideal and Butterworth filters seem to retain the form of the original pulse but for a lower cut off frequency the
Butterworth filter is preferable.

All theoretical predictions that were derived from the one-dimensional models were tested on a synthetic,
test image (a bright disk in a dark background). A low cut off frequency gives a smooth profile, using the Ideal
filter and a higher cut off frequency retains the form of the original pulse better, with the added appearance of
an oscillatory pattern (Gibbs phenomenon).

Although the two-dimensional results are in accordance with the predictions made from the one-dimen-
sional tests, we decided to try the filters’ response with a real, side-scan, radar image from a mountainous area,
where there are dark tones (slopes in the radar’s shadow), bright tones (slopes that directly reflect the radar
beam) and fairly flat, gray-tone glaciers. From these tests we concluded the following :

The Bartlett filter once again proves to diminish the strength of the original signal by far too much and
eliminates brightness differences, therefore it is probably unsuitable. Both the Butterworth filter and the Ideal
filter give better results, although the glacier (a fairly smooth, low-brightness target) appears too dark (this
seems to be a general effect of low pass filters on smooth, medium- to low-brightness targets - their brightness
values diminish much more than in the case of strongly defined features). The Ideal filter still exhibits the Gibbs
phenomenon, without deforming its basic characteristics too much, giving higher brightness values, while the
Butterworth filter retains the form of the original signal better, giving lower brightness values.

The results and conclusions of this paper may be useful in processing digital satellite images and air photo-
graphs, in order to detect geological, geomorphological and other targets of interest.

* A COMPARATIVE STUDY OF THE EFFECT OF LOW-PASS FREQUENCY FILTERING ON A DIGITAL IMAGE
1 Avarimpwnis Katinynmic, Epyaonijowo Thkeaviyvevong, Tpjpa Tewhoyiag, Mavemonijuo Abnvev. Mavemomudmokn, Avva 157 84.
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AEZEIE KAEIAIA: @000 younhic diéhevons, opBoywviog Takpds, yraovotavs o, 1davikd @ikto, gik-
1p0 Butterworth, giitoo Bartlett, pauvéuevo Gibbs, ouyvdmra amoxomis.

KEY WORDS: Low pass filter, rectangular pulse, gaussian signal, ideal filter, Butterworth filter, Bartlett filter,
Gibbs phenomenon, cut off frequency.

1. EIZAT'QI'H

H avdivan ouyvonitwv pmoel va aforombel e SIGPOOES EQUOPOYES TNG YMPLanrtic eneEepyaolag E1r0-
vag pe avuxeipevo mv Tnheaviyvevon (Al-Hinai et. al. 1991, Watson 1993). Ewdixnd, ya vy amopdrpuvon Tov
vyiougvor Boouifov, uogoty va xonoporomboiv  giktoa StEAEVONS UPUNAGY CVLVOTITTOV, TTOV elvou ToiTe-
oo oty emeEepyaoic and phoxeg 0To XMEO Mg ewmevag pe peyedog mavew and 5x5 (Richards & Jia 1999).
QOT600, VPNAES CUXVOTITES TEQLELOUY Rl OL UEYAADV DLAOTAOEWY TTGYOL EVOLUPEQOVTOS, TC YAQUATNOLOTIAG.
TV OTOLWY PITOQOTY VoL chhotmBotv ONUaVTIAG, GTaV EQUOUOCTOVY TETOLOV EIdOVS (iAToe OTNY E1xOVaL.

Tty mapotion epyaoi, EEETALETOL TO T{ TUOUHOQPWDOELS NTOROVY VaL TPORUAECOUY OTIV YNPLOKY] ELROVEL
T aouxaTo @ikton difhevong yopnhay ovyvonjtwy: 1davizd, Bartlett xou Butterworth. Zmv agy, emyet-
peftat pa pofnpar avdivon mg enidoaong Twv giktony avtdy o8 opboywvio TG ROl OF YROOVOLOVO
ojpce. O opBoydviog Takpds eEVNEETED TNV avestapdoTaon pog dopc He amGTopd, petafalhopevn Qwrelvo-
e oto TEQIYOapHd ™. O YRaovoLaveS TUANGS, AVUTUOIOTAVEL jua Sopr) pe un xaboQLopevo TEQIYQULLLL
% opehd PETABAMAGHEVY QOTEWVGTTA. ZTY) OUVEXELD, OL TOOBAEPELS ™S pabnpamnic avdhlvong eAEyyovia
08 ouVBETIH] E1OVEL %Ol OF E1OVE QOVTAQ, 0TIV 0TTO{ (UTEROVITETAL pLa TEQLOYT] PE TAYETWVES.

Ta oupEQGONATE CUTHS TS oUYREITIA|S PREAES ooty va aEtomomBoidv omy eneEepyaoia dopvgoot-
HOV EHOVOV KL CEQOPUTOYOUPLDY, YL TOV EVIOTLOUG OTGYWY YEWAOYIXOU, YEMUOQPOLOYIXOV, TOTOYQU(L-
®ov, 1j drhov evdiapépovrog.

2. MAOHMATIKH ANAAYLH

Sy evémyra avnj pehetdran n enidoaon twv giktowv Bartlett, Butterworth xat Idavizot ndve oe opbo-
YEHVIO ®ow 08 yraovowavs Teipd, om pa dudotaon. Ta ropiopata mg pabnpoarenic avaivong, opotv va
aoTeETOUY TOV OONY6 YIC TELQUUUTIONG PLE YNPLOKES EIROVES.

H £Elowon i tov 0pBoymvio mahuo rect(x) efvat:

- 1. [x|] b M
rect(x
0, [x] b

X eivar aveEdomm petapinmi mov exgedaler 1o Sidompua, b elval To o £000g TOU TAAIOU KL eivat
navra Betino.

H eEiowon yio 10 yraovoeveo makpd g(x) eivan

g(x) = exp(-bx’) (2)
Eda, to b eivar o BeTin moodtnte. 10U SLOpoQ@EVEL TO EUROS TOU ONjIOTOS.
To wyavixé @iktoo F,_ (u) eivar (Gonzalez & Wintz 1987):

I, lu| D,

0, lu] D,

u eivan 1) Yoo ouyvémra (rupardoBpoc), D, eival n auyvomta amoxomig.
H paBnpanix xgoaon yie 1o qiktpo Bartlett F, (u), eivaw, pe fion tovg Schrader & Pouncey 1997, n

Fea (W) 3)

Bartlett
TOQURATO):
amylul.  ul D
FBa.ll[e“ Ll] 0 . (4)
. jul D,
To mowmg TGENS piktoo Butterworth F, _ (u) eivan (Gonzalez & Wintz 1987):
Fppue(8) = [1+ @D,y )

H enidoaon tou 1davixou giktoov, rabog xat Twv giktony Butterworth xau Bartlett idva otov opboydivio
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TOAUG HOL OTO YROOVOLAVE OTjpet, WTOQEL Vot EXQOUOTEL g TUVEMEN peTasl piktoou ot ofpatog. Me fdon g
oyéoes (1) og (5) xar aEomoldvrag Tig iomTeg Tov petacynpatiopol Fourier #aw to Bewonpo mg ouvéliéng
(Gonzalez & Wintz 1987, Jensen 1996). ouvdyoviai oL Taoordtn oy 0eLs:

2 Do
[f 4o ¥ rectl(x)=— _[
T

0

-cos(ux)du (6)

sin(bu)
u

yree v emidpaon Tov Wavizoy giktpov atov opboywvio maiud. f (x) elvar 10 1avird gikteo 0To Y0P

TV OLAOTUATWV.

deal

Do
[fige * 21(x) X = exp(-u’/4b).cos(ux)du (7)
]

YL TV ETO0AT) TOU 180VIHOT PIATEOU OTO YROOVOLUVO OTjidL.

2

{fB'.‘mlcll *TEC[](X)Z n

Do . Do
{Ism(bu) -cos(ux)du - (1/Do) J-sin(bu)cos(ux)du} (8)
u i}

(]

Yo my enidoaoy Tov giktgov Bartlett otov opboydvio mahpd. £, (x) elfval To @ikteo Bartlett ato y@eo

TV SUOTNUETWV.

artlelt

1 Do N Do :
[faen ¥ &1(x) =——=1 | exp(-u” /4b)cos(ux)du - (1/Do) | u.exp(-u /4b)cos(ux)duy (9)
Bart] g ZJH_b ‘[[ p !
yur v exidpaon tou giktpov Bartlett oto yraovowave onua.

*  sin(bu)
*rect](x)=2/n) | ———=
E[ u 1+ (u/Do)?

YLy enidpaon tou piktpov Butterworth otov opBoydvio mahpd. £,
YO0 TV draopdtmy.

It -cos(ux)du (10)

Butter

[(x) eivar o giktpo Butterworth oto

exp(-u’/4b)
J1+WDo)?

yia v exidoaon tou gidtoov Butterworth oto yraovolavé orjuc.
Ta ohoxinpdparta Twv oygoewv (6) wg (11) vrokoyiomray aoBuNTXd, Yio SLAPOEES TIRES TV X ®ot D,
Bétovrag:

-cos(ux)du (1

. 15
fpuner * 1(X) =
I Butter gl(x} ZJ_'!

e (12)

O1 apBpunuinéc ohorhnomosis, mpaypatoronjdnxay pe To hoywowxd Scientific Workplace #a, ot ouvé-
YELD, EYLVOY YOUQIRES THOUOTACELS TTOV EEVTNPETOUV OTO VO OYNUUTIOEL ROVELS [Le OLCVYEOTEQY) ELRGVOL YLOL
mv enidpaon Twv diapdpwv @iktpwv yapmhic diElevong oe onua.

1o (oy. 1), epgaviCetel 1 enidouon Tov oWV @iktpwy yapnhic dStéhevang oe opboywvio Tahud, yio oye-
Tnd vy ovyvomnta aroxomic. Eivan gavepd 6t to giktpo Bartlett eEaoBeviCel oe peydho fabpd to apynd
onjpc, eva) T piktoa davixd zaw Butterworth 1o eEopohivouy ywpic va peunoouy to mhdarog tov. OF Avpat-
opoi, Tovw TapamEoUvTaL OtV NPT Tov 1deaTol giktoov, eivar yvwotol amd ) Biiloyoapic mg «puivi-
nevo Gibbs» (Papoulis 1962) %o ogeihovral OtV 0OUVEYELL 0TI OUUTEQLPOQGE Tou 0pBoyuivioy tahpot. Adym
tou gawvopévou Gibbs, 10 10806 @iktpo hertovpyel evioyumind mdvo atov 0pBoywvio ahid, 6mng qaivetal
010 (0% 1). TLo T OUYREXOLUEYY OUVETNTO CTOXOTG, VA EL Ve TomxG eAdyL0To ot O€om x=0, dpoug oe
GALES TEQUTTHOELS TO PLATOUQIOUEVO OTLet EXEL TN PEYLOTY T 0T CUYKEXQLEEVT BEom.

1o (0. 2). mapovordletal 1 exidpaon Twv TOWV Giktowy yauniisc diElevong mdvm atov 0pBoyuvio Tahpd
Y apnhi ovygvémra aroxomis. Kai ta tola giktpa pEWGVOUY OMOVTRG TO TAATOS TOU TOALOY, Gpog 1o
@ihtoo Bartlett ovowaotxd pndevitel tov makpd. To @idtpo Butterworth diamoei o ndmowo Padpé 1o mepi-
YOOUUL TOV TOApUON,

- 2011 -



Do=5

rectangular pulse

—&—ideal
= = = = Bartlett
Butterworth

gain

L ks ]

Zy. 1. Exidpaon rov @ilrowv yauniijc diédevons ot
opfoyavio maiud yia vynii ovyviTnre amoxomys.
Fig. 1. The effect of low pass filtering on a rectangular
pulse, with a high cut off frequency.

ideal filter, Do=1

gain

Zy.3. Exidpaon idearov gpidroov oc opboydvio naiuo
Xt OF YXaovoiavo onua pe xo1ve widrog, (oo ue
povdoa.

Fig.3. The effect of the ideal filter on a rectangular
and on a gaussian pulse, with a common amplitude

Bartlett

gain

T

-3 -2

Zy. 2. Emidpaon rov @iltowv yauniijs didevons oe
opoydvio malud yia yauniyj ovyvemyra axoxomis.
Fig. 2. The effect of low pass filtering on a rectangular
pulse, with a low cut off frequency.

-

gain at x=0
cooo
onbBoOmaN

rectangular

(=]
-y
-
-
[=]

Zy.4. Metafoldif Tov whdrovs tov opboydviov xat Tov
yraovoiavor raluov yia x=0, Aoyw g emidpaons
ideatov QIATEOV, WS TQOS TN CUYVOTITA ATOXOTIG.

Fig.4. Amplitude variation of filtered rectangular and
gaussian signals, at x=0, against cut off frequency.

equal to one. The two signals are filtered by the same ideal filter.

To yraovoWve OIe ATODVVAUHVETUL TEQLOTG-
1£00 a6 oV 0pBoYWVIO TAhpd, 6Tay epuEpootel To (o @iktpo yauniic dStékevong, érwg gpaivetal ato (oy. 3).
210 opfpc autd avamapLOTAVETATL 1) EN0po Weatol piktpov, Spmws 1 (B Tapamionon Wwylet ®at yue Ty
enidpaom piktpov Butterworth 1j piktpov Bartlett. To 1deatd gihtpo dev mporahel vupatiopd (pawvdépevo Gibbs)
OTO YXOOUOLOVO OTJCL, CROPC RUL GV 1) OUYXVOTITO UTOXOTNS EIVOL OYETIXA HEYAAT.

IMapovowdler evdiagpépoy 1 moootiry] extipnon g eEacbéviong Tov mhdtoug Tov OfPaTog Yo SLagopes
ouyvoTNTES oM D) ®al Yiet T0 01OTG AUTO EYIVE pLdt YOUQUAT] TAQAOTAOY TS EVITYUOYS TOU ONIOTOC Yi
x=0, v dudpopeg ovyvomres amoxomic. N x=0, €yovpe oyedov péyLoto Thatog OT0 EATOUOLOREVD OTjjc
(otov 0pBoYVIO ARG 1) PéyLo™) Ty WTOEL Vo elvaL RATWE PETUTOTLOUEVT, AGym Tou paivouévou Gibbs). H
yoagu] mapdotaon nagovoldietal oto (oy. 4). Iupatnpotpe 6Tl OTIg PXEES OUXVOTTES GO0, TO PLA-
toapLopEvo ofjpa eEacBevel onpavind, xow otoug dvo makpots. A6 v Ghhn Thevpd, ot peyales ouyvom-
TEC ATOROTGS, O PEV PIATOAPLONEVOS 0pBOYWHVIOS TAANGS OTORTE, OVOLAOTIAG, TO TAGTOS TOU (OYLXOU ONPATOS
(eEaoBévnom pndev), 1 naw evioyietal ®dmws, 0 de PINTPUOLOPEVOS YRAOVOLUVES TAAIGS TUOUUEVEL ONPaVTIRG
eEaoBevnpévog, pe mhdrog mov dev vepPaivel To 50% Tov TAATOUS TOV 0OYIXOU Tahpol. AVAhoyeg Taoam -
OELS, WG TOOS TO TAATOS TWV PIATDUQLOUEVIV TaAUWY, PTooly va yivouy xat yua to gpiitpa Bartlett nau
Butterworth.

H duagopomompévny avtj enidpaon tav giktpwv diékevong younhov ovyvonijtwy oe opboydvio mahud
(dopn pe amotopa HETUBUARGUEVY PUOTEVOTNTR WG PO TOV MEQIYUQO) XUl O YRUOVOLUVE Tahud (doprj pe
OUOAG HETfUARGPEVN PUTEWVGTITA WG TOOS TOV TEQIYVOO0) WITOQEL VO €XEL ONUOVTIRES CUVERELEC WIS TTOOS TNV
avtiBeon guTewoTTag UATEAQLOPEVNS YmepLaxiis ewmdvas. Mia oxetind putevi] dopn] oty apyrt] etrova,
WTOPEL VOt TUQOVOLUOTEL OROTEWVGTEDY) OF OY£0T PHE pLat apyixd MySTEQO @wTEWT] dow] ToV 1 QUTEWVGTNTA TNg
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peTafaiieTal andTopa WS TPOS TOV TEQIYVEO TS,

AlOTUTOVOVTOS CUVOTIXG TO CUUTEQAOUATA Ot0 TNV TUQamdve pabnpanx) avaivon, eEmonuaivoups ot
#ot e Teia @iktpa, ®ol Wing 1o @iktpo Bartlett, propotv va LELHTOLY oNpavTird T QOTEVETTA TOU OG0V
evilapépovrog, ®upinwg av oavnj petafdiletar opahd pe m B€om (yraovowavs ofua). Zig oyeTnd peydhes
CUVOTNTES (TOXOMS, TO 1WOUVIHG GIATEO %o To @iktpo Butterworth diatnpotv To mhdrog ®aL 10 meQiyQouppc
TOU ONPOTOS. ZTIS OYETLAG YOUUNAGTEQES OUYVOTTES, PaivETAL VO THOVOLALEL To piktpo Butterworth éva ou-
YHOUTLXO TAEOVERTNIC, OO0V (PO OTT) SLaTEN 0T TOU TEQLYQAUPATOS TOU QYIHOU THRATOG.

O mpofréyerg g pabnpatiwic avaluong, eAéyybnxay ue ovvBETIHES E1RGVES %L LE ELRGVES QUVTAD.

3. IEIPAMATIEMOX ME LYNGOETIKH EIKONA

O Bewpnuinéc mpoPAEeLs pe To povodidotata HovIEAN dompdotnxray, oug dvo dLaotdoeis, oty TaUxRG-
0BGV, ToV oxnpatiotxe pe ™ foriibewa tov Aoywopxot Photoshop, ot ouvéyewa HETUTOGINKE G UOYEO
.img %ot wg T€ToLe vtéoT eneSepyacia amo to Aoywopxd ERDAS.

Zto (oy. 5) mapovordtetan  ouvBeTin etdva pe 10 PuTEVG dlono naw oto (oy. 6) pue Top] Tov dueoyiter

10 dloro.
Zy. 5. Zvvletinrf etxova.

Spatal Profile for testimg

200
180
150
140
S0
£ 0
Z w0
T s
40
20
0 "
1 2 3 1 5
Distance (inches)
Fig. 5. A synthetic image. Fig. 6. Pixel Brightness Values along a profile crossing
Zy.6.Tiues potetvomyrag euxovootoLyeiov xard pijxros the bright disk of the synthetic image.
Touifc mov diaoyitel To poTevd dioxo Tne ovvletixijs
exovag.

Zm) ouvBeTrn Emova EQUONGOTNHE LWOaVIKG QIATOO OLEAEVONG YaunAwyY CUYVOTITWV, HE OUYVOTITA CITOKO-
mic D, = 1/b (b 1 axtiva Tov #unhinot dionov). H ewdva mov mpogruye 1jtav mo Bapmi xaw pe gbivovoa
PWTEWVOTNTA OTT6 TO REVIO TOU DIOHOU TOOS TNV TEQLPEQELX. ZT0 (0Y. 7), mapovaidletal Topr] ™g QUATOOQLONE-
WIS EIRGVAC, GOV OUOE THEM 1] QOTELVETITO EXEL PLKt OPAA] CURITEQLPORE Rl HELWUEVO TAGTOS, CUIpWVaL [E

g Bewpnurnés mpoPréeig e pobnpatiig avdivong.
Spatial Profile for testilHdeal-im~10commaid img

ik Spatial Profile for tesHikideal-im~2commaZ img 250
140 s
120
2100 2 150
: w 8
T 100
g o \ £
0 ¥ 50
20
[[f ———=ut . 1} Pt P
1 2 3 4 5 0 i 2 3 4 5
Distance (inches) Distance (inches)

Zy. 7. Toj mov mgoxvmrer and enelegyaoia g Zy. 8. Tourj mov mgoxvinrer and enekegyaonia s
ovvBeTixIjc E1ovag ue 1davixd Qidtpo xat yaunly ouvBeTianjs eindvag e 1davixd Qidteo xar vynii
oUYVOTITAE ATOXOTIS. OUYVOTHTA ATOXOTIS.

Fig. 7. A profile of the processed synthetic image by the  Fig. 8. A profile of the processed synthetic image by the
ideal filter with a low cut off frequency. ideal filter with a high cut off frequency.
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11 OUVEREL, EQUOUOOTNHE 0T GUVDETING E116Va 1OUVIXG PIATOO PE ORETIRA VPNAT] CUYVOTITU ATOROTS
(EVIUTAGOLY QIO TNV TOONYOUREVT)) Kl TROEXNPE 1) Tour] Tov (Y. 8). Mmopel #avelg va maoutnofoEL, 0t To
TAGTOC TOU OUaTog Efvan ®atd Pdom (Do pe avtd mg apynns eévag ®oL ®otd TL HEYUAITEQO O OQLOUEVES
0€oeig. O eml PEQOVS DLUHVUAVTELS TS POITEWVOTNTUG, OQEIAOVTUL 0TO Qauviuevo Gibbs.

levind, o mewpapaTopds pe ) ouvBeTtny e1xéva €dwoe amoTeAEopaTH OV BOIOROVIUL OF GUUGWVIL [LE TIg
BemonTinég mpoPréerg, Gyl HOVo wg mEOg TNV EMIODON TOU WOUVLXOT PIATOOV, hhd %ot WS TPOS TV ETOEON
Twv @iktowv Butterworth xou Bartlett. Elvan dpwg omuavnixs va doxupudoer vaveis v oyl mg padnuatiig
avaAvong TovU TEaypatoToniBnxe ot ToaypaTiRd dedopEva.

4. EPAPMOTH ZE EIKONA PANTAP

ZTg EIMOVES TOU AapfavovTal amo To UOLKG ®OopO, oL cteiroviCopevol aotdyot de diabétovy Ty anhdmra
®OL TNV HevovizoTTa EVOg pabnuotizol poviéhov. Me m pabnpatxg dumg avdhuon, propotv vo diatumo-
Boviv TROPAEYPEL TTOU VO AVTTOXOIVOVTAL, OE OQLOUEVO Pabud, omy moaypanxdmrae. EEdAhov, o amaywyids
ouALOYLOPGS PTOREL VoL 0dNY1OEL OF CUUTEQAEONATM PE EVOUTEQOD TEDIO AVAPOQAS 0rtd GO0 1) EUTELQLAY peléTn
EVOG OUYREXQLUEVOU oUVGhov dedopévav. T autolig Tovg AGyous, MOTEUOUE Twe €xeL EVOLU@EQOV 1) OUYHOL-
on Twv TEoPAEPEMY Tov amoppfouy and T pabnpatinn avdilvon, pe Tpaypatiid dedopéva, HOTE va eLey-
yBotv o Bewpnuirég mpoPhéyerg vt va ovvayBoiv aELOmoTa, ®utd 0 SOUVaTOV, CUPTEQGOUNTL.

Zmy ewdva tov (oy. 9), mov £yeL Agbel amd pavide TAEVOLRIS OApWaNS, NTOQEL Ravels va. Bel Tig ®hiTiig
WOS OQELVIS TTEQLOYNS TGV OTLS OTOIES TEOOTIMTEL 1] purporvpat axtvoforic. O xhties autés xouv
évrovn gotewvotnta. EpgaviCovion enlong nal meooyés oyetind yaunhis gutewvémrag, ue yroilovg tévouc,
TOV GVTLOTOLYOUY OF TOYETWVECS.

Zmv top amd v ewdva pavidp (oy. 10), diaxpivovral duo meQLoyés pe andropnes petafoléc putevom-
TUE, WOV AVTLOTOLKOUV Ot ®ALTig mou exTifevIan oV axtivofolic TOV QUvTGE, ®uBWg ®uL o OPOAGTER HETH-
Palhdpevn TEQLON TLUOV POTEWVOTNTAS PE MKEGTERO TAdTOS (oTo dtdotnua and 400 we 500 povadeg ardota-
ong oty #hlpaxa ™me arotimmwons oty 006v Tov VTOLOYLOT), TTOU AVTLOTOLYEL OE TAYETHV.

Zmy e1ova 0oVt EQAEUOoTRay To pikto 1davird, Bartlett xau Butterworth, aElomoudvrag 1o hoyiopu-
16 ERDAS xa emhéyovrag ovyvotnra amoxomyg iom pe 50. H tow] tov (oy. 11) avuotowyel oe avnjv tov (oy.
10) o TEORUITEL (TG TNV EGUOUOYTY TOV OAVIXOT PIATOOU oV Elxdva Tou pavidp. [Tapampolpe 6t 1 %a-
piAn purevémrag Tou (oy. 11) éyxer eEopaduvOel oe oyéomn pe cvnjv tou (oy. 10) zat oL PEYLOTES TIHES TaEOU-
owdCovran pewpévee. H eEaaBévnon elval o €vtov oty TEQLOY TGV QOTEWVGTNTOC TOU TayETwve, ®abot
1 TEQLOYN] CUTH], 0TV TOpN TG aEyL1s Edvag (0y. 9), mapovotdLel e mo opadi («yraovoiavi)» ) CUUTEQLPO-
ot oe oy€on pe Tig dhheg TEQLOYES TOMIKOU pEYIOTOU.

Spatial Profile for radar_glacier img
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Zy. 9. Emxdva gavrdp nievpixijs odowons amd 2% 10. Towrj g ewxdvag pavrdag. H neguoyij and 400
wEgLoyIf pe mayeraves (yxpicor Tovor). ws 500 povdoes aréoraons avrioToL el 08 TAYETGVA.
Fig. 9. An image of an area covered with glaciers Fig. 10. A profile of the radar image. The area
(gray tones), obtained by a side scanning radar. between 400 and 500 distance units corresponds to a
glacier.
Zy. 11. Epaguoyij idavixov @iltpov otyv eixova
oavrdg.
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Fig. 11. Application of the ideal filter on the radar Fig. 12. Application of the Bartlett filter on the radar
image. image.

Zy. 12. Egapuoyij @ilrgov Bartlett oty etxova Zy. 13. Eqaguoyj @idtoov Butterworth atnv eixdva
pavrdp. pavrdp.
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Fig. 13. Application of a Butterworth filter on the radar image.

H top Tou (0. 12) mpoxrtintet amd ™V euppoy] Tov qiktoov Bartlett oty apyuui ewndva. Edd, 1 eEaobé-
VNON Elval PEYGAY, HOL VLG TIS TOELS TEQLOYES TIWV QuTeElvémTag, 6mwg eEdhhov €deige xal 1) patnpatig
avaivon.

H toprj tou (0y. 13) mpoxiimter and eneEepyaoia ™ emdvag pavidp pe giktpo Butterworth. Edd, 1 eEa-
oBévnon eivar cugdg uxEdTEEN atdé 600 oV Tow| oL avaotoel oto giktpo Bartlett, pwg to Thdt Twv
TEQLOYMDV OV CVTLOTOLXOUY OTIC #ATC £lval PxEOTEQX A aTd TS TOWS IOV TPORVITEL 06 TO LOAVIXG
@ihtpo. Paiveral g oy TepiTTMON Tov Wavizol giktpov, 10 @awdpevo Gibbs ouvvéfake o pa oyetia
aiEnNon TV TAATWOV TG TOWS.

5. LYMIIEPAEMATA-EYZHTHIH

H egpaopoyii giktoou Stéhevong yapunimy auyvonitav o YPrgLaxl eléva, PToPEL va ENNEEGOEL ONpIavTRd
10 TAATOS TOU OMUOTOE IOV avTloToLEl 08 oT6Y0 evilagpEpovios. Avti 1) eExobévnon, mov eEaprdral ond Tov
TUTO TOV OHUATOC, WTOQEL Vo TRORAAECEL oMuavixes petaforéc omy aviibeon purelvamrog. ZTéyoL mov oty
TOWTOYEVY ELXOVOL CTOTUTIAVOVTOL PE OYETLAG UEYUAUTEQY PWTEVGTNTR WG O GALOVS OTGYOVG, PTOQOUY,
HETA TO QUATRAQLONG, VO CTOTUTWBOUY HE OYETIXG PHOOTEQY PUTEVOTNTCL. AV, OV ENEEEQYUOUEVN ElROVAL,
TEGHELTCL Vet YIVEL GUEO OmTLxt] sounVEld, auTd (oS va pnv eivar 0oPapd Tedfinuc, oto Babid Tou avayvm-
olCovra, e TOLTHoUS GOUC, OL OTGYOL EVOLAPEQOVTOL. AV GUOS OL TIHES QOITELVOTNTRS TG ENEEEQYUOREVNS
EAVOC oUVOUAOTONY e Ta dedopéva AAAwy EXAVAOV, PE OHOTIG VO OYNILOTLOTOVY AGYOL QUOPUTURWY CwVV 1)
VOt EQUOROOTONY ahySpLBHOL TOMPUCUOTIAE TOEWVOUNOMG, TOTE PToROTV vaL VeloéABouy opdhpoto #atd Ty
Yngrae] avahvom ot eppnveic Tov Tekros mpoidvrog. Térow opahpato progody va arogevydotv, av, petd
™Y EQUEROYY Tou QIAToou SEAEVONE YUUNAGY CUXVOTITOY, EEETAOTOUY O AGYOL QUTEVOTNTUS HETAED TV
SLapdpwv oTEXMmY. Av 0L A6yl S dlapéQouy TOMI (IT6 TOUE AVTIOTOLLOUS TG COYIHIS EOVHS, TOTE PWTOQEL VOt
extuunBei 611 oyt emdva dev €xel cahhowbel onpavird. Tmyv avribem neplmtwon), Ba moéner vo petafin-
Bel 1 ouyviTTa aroromic Yo va aro@evyBotv 1j vo TEQLOELOTOUY TEToLow Eidoug opdiuate. Me didgpopeg
dowripéc, pumopel va Poebel 1) éltiom ovyvétnTa amoromis, Gote xat 0 vyiovyvog B6puPog va amoparguviel
woit vo i xaBel mnpogoole o pog evOLHQEREL Vi EEyAYOUHE.
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AT6 ta Teie pikto ou pehetifnray (10avied, Bartlett zou Butterworth), diemotdtinxe éu 1o @ihtpo
Bartlett mooxahel ) peyohiteon eExcBévnon oto ojja, pe oTOTEAEOHA Vo YivovTaL duadudxpitoL oL oTéyoL
evoLapépovtog. M 1o AGyo autd, EXTHOTIE TG OV TOOOPEPETUL VL& THY ATOPAROVVOT ToL vpiouyvou Bopi-
pov. To tdavizé giktpo ®aw to piktoo Butterworth, €ovv xahiteoa aroteléopata, ®abug dev mporakoiv Téoo
peyakeg eEnobevijoeis. Emv mepimtmon Tov davizol giktpov, exdnivveral 1o gaivopevo Gibbs, mou mporahel
HATOLES MUQUPUODPWOELS OTO 0T, FWOIS OUWE Vi AAOLVEL TAL PUOIKE TOU YUOUHTNOLOTIA, OTAV 1) OUyvOTTL
amoxomic eival oxetrd vynh. Ou otoePrmioels autés, progotv pdiata va cvupdlovy oto vo exdnhobel pe
peyahitepn gvrpiveld o 0téog evdlagépoviog. Téhog, To giktoo Butterworth gaivetan va datnpel o mepi-
YOUUHCL TOV 0OYIXOU OTGYOV, WOIG OMNUAVTIRES OTOEPADOELS.

Ta mopilopata g £0yaolas auTig, Wrogolv va attorombotv omy eneEepyaoit aepOPUTOYRAPLHY, dOPU-
POOIAMV EIXGVIV KOl EXOVOY DAVTAQ, HE OROTG TV GVAyVIPLON YEMAOYIROV, YEWUOQPOLOYIRWV, TOTOYOUPL-
7OV ®Hat AWV OTOYmV EVOLAQEQOVTOS. Me pua ratdhinhny enthoyr TS ouyveTHTaS AmOHOMIS, PITOQOUY Vi
EXEOOOTOUY gUrQIVEDTEQX (amadhaypéves amd vpiovyvo 06pvPo) eXTETAUEVES YEWAOYIRES DOPES Omwg TTU-
yEc, emages, Mboroyirés evomreg »au mbavag Loveg eEaiholimong av €xouv wavomonuxy xtoor. Emiéyo-
viag o BEATLIOT) ouyvoTn T aoxomis poel va arogevyBel cofaor ahloiwon me uTEWGTTUS ToV YEwho-
VLAV 1] EDAPOROYIRIV OTOHWV MOV EPPUVICOVTOL OV EIRGVE ZUL 0OV UTOTEAEONM Vo TRy patomoun el puo
o aEemot TaSwvdunon tovs.
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ENTOIIIEMOZXL OPEINQN OI'KQN LTHN @YLIOT'PA®IKH ENOTHTA ZAGROS
RANGES (IPAN) AIIO TO WH®IAKO MONTEAQO EAA®OYX GTOPO30"
I.X. MHAIAPEEZHE'

IZYNOWH

H peBodoroyio cutoparomompévon eviomopoy 0pewviy dyxrmv and to GTOPO30 tpomomounjnxe eEouti-
ag TOV IOLUTEQWY YEWHOQPOUETOIRMY YUQURTNOLTTIRMY TS TEQLOYIS peAétns Zagros Ranges oto lodv. Twoo
1) ROTATUNOT] TOV YM@Larol povrEhou dtaxonTetal Gtav mpooeyyLovial T onpela Tov avijzovy oto vdpoyopa-
QIrG OIATUO ®aL HOTA CUTGV TOV TEOTO EMTUYYAVETOL 1] ROTATUNON TWV 0PEWVAV Gyrwv oto BA tjjc dmou
TOQUTIOOUVIAL (PUOGYYLL e TOAU PEYaLeg HAIOELS ®al oL 0pELVOL GYHOL dieywpIlovial and oAU oTeves emyni-
#1g ®o1hadec. O oevol GyzoL o eviomioOnxay eival O8 CUPEOVIK PE TC OQELVA UVTLKEINEVX OV EQUNVETO-
VIO QIO TOV YE0TY ORIACPEVOY avayAugou TS REQLOYNS nehéTe.

ABSTRACT

In a previous research effort a methodology (DEM-to-Mount transformation) was developed for the extrac-
tion of mountains from the GTOPO30 digital elevation model (DEM). The GTOPO30 DEM represents the
earth’s relief at regional scale with spacing 30 are seconds. The method was implemented in SW U.S.A (Basin
and Range) where the crust is under tensional forces, thins by normal faulting, and results in an array of tipped
mountain blocks that are separated from broad plain basins. The methodology integrates certain geomorphometric
techniques (runoff simulation) with the digital image processing techniques (segmentation, connected compo-
nents labelling, small objects elimination) and it is actually a region-growing segmentation algorithm that uses
the ridge pixels as seeds and a growing criterion based on gradient.

The objective of the present research effort is to implement (and modify, if needed) the DEM-to-Mountain
transformation to an area of compressional stress such as the Zagros Ranges where collision of the Arabian
shield with Iran has shortened and thickened the crust to produce a spectacular mountainous physiography. The
linear topographic highs represent huge folds (NW-SE anticlines), marked by SW facing topographic escarp-
ments while the geometry of anticlines indicates the existence of basement (high angle) reverse faults that do
not cut the overlying folds. In the SE portion of Zagros Ranges broad gently sloping valleys are observed in
between the mountain features. On the contrary in the NW more tightly spaced mountain features are observed
while narrow, deep, and high sloping valleys are developed in between them.

In order to cope with these conditions, the method was modified and the valley pixels were not allowed to
participate in the region-growing segmentation process. More specifically, gradient and the aspect were com-
puted on the basis of the Z-operator and the Sobel operator. Then, runoff simulation was implemented using
the steepest-descent flow accumulation algorithm and ridge pixels and valley pixels were labeled on the basis of
their runoff accumulation value. Two thresholds were identified through a trial and error procedure and the
pixels with upslope-runoff greater than 9 were labelled as ridge pixels while those pixels with downslope-runoff
greater than 7 were labelled as valley pixels. Finally an iterative region-growing segmentation algorithm was
applied. During the first iteration, the ridge pixels formed the initial set of mountain pixels while the rest of the
pixels formed the current set of non-mountain pixels. In each iteration, if a non mountain pixel satisfied the
following three conditions (a) it’s gradient was > 6°, (b) the pixel was an 8-connected neighbor to the current set
of mountain pixels and (c) it did not belonged to the set of valley pixels, then it was flagged as a new mountain
pixel and the current set of mountain pixels was updated. The segmentation stopped if no more pixels were
added during the current iteration.

The output was a bit noisy due to the very small isolated islands of mountain pixels that represent either
small remnants or artificial error peaks. Additionally some small islands of non-mountain pixels on mountaintops
represent flat or gently sloping areas (gradient < 6°). To correct these artifacts, a connected component-label-

* EXTRACTION OF MOUNTAIN OBJECTS IN THE PHYSIOGRAPHIC ZONE OF ZAGROS RANGES
1. Epyaonjowo Tyiemondmong, E.M.IT, Towtorews 38, ABnva 104-42, Email: miliaresis@email.com
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ling algorithm was applied and both foreground (mount terrain class) and background objects (non-mount te
rain class) were identified and shorted in ascending size order. Then, small isolated islands with size less than (
pixels of mountain pixels were removed (assigned to the background). Additionally, small islands (size less th:
40 pixels) of non-mountain pixels standing on mountaintops and surrounded by mountain pixels were merged
the mountain terrain class.

The segmentation of Zagros Mountains was judged from the visual interpretation with the computer-shad¢
relief map of the DEM of the study area (location of the simulated sun was 30° above the horizon at NW
Digital shaded-relief maps are a valuable tool for the computer visualization of landscape morphometry, alloy
ing the surface features to viewed in a broad regional context. Borderlines of the mountain objects were delin
ated and superimposed on the shaded-relief map. The extracted mountain objects were interpreted to be
accordance the mountain features interpreted visually from the shaded relief map. The methodology allowe
the extraction of mountain features in an area with different regional geomorphic conditions than those ol
served in the Basin and Range physiographic province. In the future, the mountains will be represented by a s
of numerical attributes and the landscape will be characterized on the basis of the morphometry of mountain

AEEEIL KAEIAIA: Katdrunon mediov, N'ewpopgopetoia, Wngiaxy eneEepyaoia eimndvag, Mopgotertovin
Tewpopporoyict prEng *APORaC.
KEY WORDS: Terrain segmentation, Geomorphometry, Digital image processing, Morphotectonics, Glob
geomorphology.

1. EIEAIQI'H KAI ZTOXOI

[Tohrég epevvnrinés npoondbeieg oto tapeABov natéyompay v oxfon g nopgohoying Tov eddpoug |
v textovizi] (Merrits wau Ellis 1994, Keller ®ou Pinder 1996, Summerfield 2000). Opwg péyxor ofjpepa, ov opc
oelp€g dev €xouv DewonBel oav oL BUOES HOPPOTERTOVIRES OVIGTNTES OF QuOLOYQaQLAY] ®Alpara #al Ot
éywve poondfela va evromoboly amd Yymepuand poviého eddpous (ToooTirGs-oagris 0pLOUGS) KoL Vo TEQ
YOAQOUY PoBNPaTIXG (TUQOHETOLRY] AVUTAQATTAOT IOV ETLTOETEL OTATLOTIXY TUYROLOT %ol dNuovpyia TpoT
TWV).

e T — . Provines Bounderiss

s Main Zagros Thrus

Zyrjna 1. H mepuoyif uéietns oo guoroypagixo ydprn tov lpav (Asfar et al. 1976).
Figure 1. The study area within the Zagros Ranges physiographic zone (Asfar et al. 1976).

Infjueoa 10 Ympuaxd poviého eddgove GTOPO30 pe péyebog navvdafou 30 devitepa e poipag (US Gec
logical Survey 1998) emitpéner v avamapdotaon g YNNG emupavelas o pux shipara, evo avarniybnn
ueBodoroyin evromopot twv opewvav dyrwv and o GTOPO30 (Miliaresis xou Argialas 1998a, 1998b, 1999:
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1999b). H pébodog equopcotinze omy guotoyoagux evdmra Basin and Range (N.A. H.ILA.) 6rov eqehnu-
OTIAEG TAOELS ONUIOVEYOUY Jit OELQU OO GOURUETOES RUL REXMPEVES OQOOELRES AVANETH, OGS oyedOV emime-
oec herdveg anobeonz (Howell 1995). Avnj n epgvvnminn mooondbewn amooronei OV EQUONOYY %L TOO-
momoimon (edv auts xpWel amapaimro) me pebodohoyias EVIOMONUOU Twv 0pEWVEY GYRmV OTHY QUOLOYOUPLXI
evémta Zagros Ranges puo mepLoytj 6mou Ta pog@oTtertovind dedopéva eival Stagpopetind and autd ™mg evo-
mrag Basin and Range (Oberlander 1985, Tucker #au Slingerland 1996, Kooi %ot Beaumont 1996, Seber et al.
1997). Kard auto tov todmo Oa avamruybel pa pebodoroyic mov Oa emrogner my xatdtpnon Tov 0000e10my
O VIV ZAROXO ETUTRETOVIOS TV TOTOTIAY] OUYXOLOT] GUOLOYQUELAMY EVOTITWY 2ot Ty panpanxoroinon
e puotoyoagixic avdhuone. H nebodohoyia vhomoteital oto hoyopxo repipdrov GeoLogic Shell mov diari-
Betal oto dadixtvo amy devbuvon http:/miliaresis.tripod.com/ 1 http://members.nbei.com/miliaresis/ .

2. MEGOAOAOI'IA

H meploy) pehéme eivan 1 gualoypaginj evotyra Zagros Ranges (Zyjpa 1) émov hufaiver yaoa 1 ov-
yrpovon me Apafirg Textovints mhdxrag pe to Iodv (Summerfield 1991). Ou opewvol dyxor (empunixn Tepdym
e dieibuvaon BA-NA) eivat 1o TR0IGV T 0% mong 08 auvOLHopo e Ty 0G0 UTO-EMUPUVELURWDY (VACTOO-
PV pnypdtmv te Tohi peydln ®hion (Berberian 1995). To ymguaxd poviého mge meptopic pehéme (Zyjua 2)
d1op0ciinxre yewueTOIRd €101 Wote 1 drdotaon Tov va givan 926 pétpa won xahimter mepimov 330.000 yip,
Yipopetoizés Topfs (Zpjua 3)amodeixviony 6Tt 0L 0Q0CEIQES AVUTTIOOOVICL 08 (UEAVOUEVO MPOIETOO 0d
NA mpog ta BA. Edv avartioooviay ato (10 Taveriredo, T6TE 0 EVIOMONGS TOUC PTOQOVOE Vi YIVEL [E
AOTATUNOY TOU LOTOYQARUAUTOS OUEVETITOS TOU VPOUETOOU %L ETLONUAVOY GAWV TWV  ELXOVOOTOLLEIWY TOV
YNELEAOU POVTERD EDAMOVE e MPOUETOO PEYCATTEQO (O RATOL T (NPOUETOO TOV TAVETITEOOU).

0 100km ,9.&

Zypjua 2. To yygraxd vipouetoixd puovrélo s mepioyis uelérns. To vyouetpo (and 0 éwg 3000 p)
romomoujiyxe oto didornua [255 , 0] "Etot doo guteivitego eivar £va anueio T600 [IxQOTEQO (VAL TO VYOUETQO
ToU.

Figure 2. GTOPO30 DEM of the study area. The elevation (1 to 3.000 m) was rescaled to the interval 255 to 0

(the brightest pixels have lowest elevation).

Zyjua 3. Eyzdgota (1) xar emyujxng (2) vipouetoixij romoygagixy tou.
Figure 3. Elevation profiles.
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O1 Mnhwepgong xoen Apyrahdg (1998a, 1999a, 1999b) modtervay pa péBodo YL TOV EVIOTLOUG DQEVHY %l
) opewvav epLoywv ot to GTOPO30. H pébodog ¥onoipomotel 10 HETRO TS #AIOTS ROl Ta TOTURA HEYIOTH
Tov avdylugov (Vdpoxrpltes). TTo ovyrerQUEVE TOWTH 0QICETHL EVa KOYIXO OUVOLO GG ONUEIN-0TOPOVE TOV
CVIJROVY OTIS OQEWVES TEQLOYES (LVOPOXOITES). ZTNV CUVEYELH VEQ ONpEl TOU Pn@Laol poviEhov mpooTiBevral
070 aQYL-G OVVORO, e fdom mv eyylmta Tovg pe onueic Tov €xouv 1jd1 TaEwvopnbel OTig 0PEWVES TEQLOYES ROl
£QOOOV TO PETEO TS #AloMg Tovg Semepvd Tig 6 polpec.

STV OUYHEXOULEVY TEQITTON TIQETEL VU EMAVATEO0adLopLolel TO aLENTIXG ®OMOLO %L TO GUVOAOD TmV
apyu@v onuelmv onéowy. Moorae vroloyCetar 1o pétpo g #hlong (Zyrjpa 4) xawn dtevbuvon me (Zypa 5).

Zynjua 4. To uérpo e xdiong eivar oro dudornua [0F,44° ] xar tvmomoujinxe oto didornuea [255,0]. oo
POTEIVOTEQO EIVAL EVA ONUEID TOOO HIXQOTEQY Efval i xAio.
Figure 4. Gradient. The pixels (in the range (O to 44°) were rescaled to the interval 255 to 0 (the brightest pixels
have lowest gradient).

Syijua 5. To dudvvaua e #Aioys tvmomoumuevo otig 8 dievBivoeis mov opiGovrar oe pud Yijgiaxif eixova
((A=1, BA=2, B=3, BA=4, A=5, NA=6, N=7, NA=8)). To 0 &t yonowomombei yra exineda stxovoorotyeia
(ugrpo s »Aions <2°).

Figure 5. Aspect.The aspect was quantified to the eight directions (East=1, Northeast=2, North=3, North-
west=4, West=35, Southwest=6, South=7, Southeast=38) defined in a raster image. Zero labels were used for flat
terrain (gradient < 1°).

Metd mpoodoptetat 1o VOPOYEUPLRS dixTuo (Epijua 6) ®o o1 vdpoxrpites (Ejua 7) pe v pebodoroyia
mpocopoimong porjc (Mark 1984).

Meoroyge exmaidevong viodewviovy 6t B.A. avartiooovron gaodyyia pe whion peyahitepn amd 6°. Avtd
OMNUOUVEL OTL PE GUENTIRG XOITHOLO «UETEO TS ®hiomg > 6% o1 0gewvol Gyxol dev prropotv va xatatunbotv oto
B.A. njuc. T awtd  peBodoloyie tpomomoteital, wg e5ig:

1. ta omueio onépol eivar ou vdpoxrpites (Zyjua 7),
2. 10 auENTIXG ROITOLO TUOUUEVEL 1S EYEL
3. pévo ov N RoTATUNON TOU SLaHGITETHL GTaV TOOOEYYILOVTaL Tat OMUEln TOV aVIijHOVY OTO VOROYOUPIXLG
dintvo (Zynpa 6).
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Figure 6. Ridge pixels. Downslope runoff threshold > 7. Pixels labeled 62327 (16.15 %)
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Zypjua 7. Yogoxpites. Evxovoororyeia (45031 1j 11.7%) pe dvvauixd porjs (popd avdvry s xAions) > 9.
Figure 7. Ridge pixels. Upslope runoff threshold > 9. Pixels labeled 45031 (11.7%).

Zyrjua 8. Ta eixovoorotyeia mov ralivourfnxay otis 0peIves TepLoyss Eqovv axetxoviorel dompa.
Figure 8. The pixels labeled white represent the mountain terrain class.

M eravalnmnx diediaoit RUTATIonNg EQUOPCCETHL ®at VA ONIELD TOU YN@LIKOT HOVTEAOU EdGQOUC
mou eivan 8-amhijc-oivdeong yeitovag (Tjtrag 1996) 100g 10 GUVORO TV COYIADY ONUEIWV-0TGOWY, CUIITEQL-
happdveral 08 quTd, eGv T0 PETRO TG ®AIOMS TOL Eivan peyahiteo amd 6 poipeg #aL Oev avijxel oto vVdEOYE-
@10 dlnrvo. To TEM®O amotéheopa PeTd TV enavetaEvopunon wxpay ynodov (Ihjtag 1996) anewoviteto
oTo Zynua 8.

Ot ogetvoi Gyxol mov eviomiodnray eivol 08 OURPOVIK [LE TC OPEWVG UVTIXEIIEVH TOU EQUNVEVOVTOL ad
TOV Gt ouaopgvor avayhugou (Reichenbach et al. 1993) g neowopic peréme.
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0 100km

Zyijua 9. Ta 6pta Twv 00elvay aVTIXEWEVQY (HAUQES YoauuEs) oe vacpbeon oTov YdETI 0XIATUEVOY
avaylugpov TG TEQLOYIs peAETHS.
Figure 9. The border-lines (shown black) of the mountains superimposed on the shaded- relief map of the study
area.

3. EYMITIEPAZIMA

H pefodohoyic cTopatomonuévou eviomopol opevdv ¢yrov ard 1o GTOPO30 tooromouitnze eEarti-
ag TOV IOLUTEOMY YEMUOOPORETOIXMV LUOUATNOIOTIXAY TS TEQLOYC HEAETNE Zagros Ranges oto loav. Topa
N ROTETUNON TOU YN@LEHO0T HOVIEAOD DLaxoaTeTaL GTaV TROTEYYICOVTOL Ta ONUED TOV AVIjZOUY OTO LOROYOU-
L6 DTV AL HOTA CUTOY TOV TOOTO EMTUYYAVETUL 1) XUTATUNON TwV 0QEVEY Gyrwy oto BA tnjpa 6rov
TEOUTNEOUVTUL QUECYYLOL LE TORT HEYARES »AIOEIS %t 0L 0QEVOL GyxOL duaywELovTal o TOAT OTEVES £mLp-
#1¢ #Othadeg. O 0pEWVOL GYXOL TOL EVTOTITONZOY EIVOL O CURQPWYIT JE T OQEWVE UVTLAE(UEVH TTOU EQUNVEVO-
VIO 06 TOV AOTN OARIAOUEVOD ovaYAUQOU TS TEQLOYS HEAETIS. ZTO PEALOV 1) OUYXOLON TWV TUQUUETOLAWY
CVOTAOUOTACEWMVY TV 0PEVHY Gyrov Ba 0dny1joeL oty oUvBEOT) EQUVEVTIXMV HOQPOTEATOVIAMY HOVIERW®Y,
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ANA®OPA LTHN ENHMEPQXH TON I'EQAOTI'TKQN XAPTQN
ME XPHIH EIKONQN YWHAHZ AIAKPITIKHE IKANOTHTAZL LYI'XPONQN
AOPY®OPIKQN LYETHMATQN'

M. ETE®OYAH'

ZYNOWH

AVIIHELPEVIRGS OTOYOS TS Epyaoiag elvar 1 aftoAdynon g ovpPoliic emyelonotardy dopupopLrtv
OUOTUATOV, RETG OTT6 TNV EQUOROYI] TEXVIXDY RIENS TV dEDOPEVMV TOUS, ILE GROTG TNV EQUNVEIT TmV YEWhO-
YORDV FOQUATNOWOTIRAY TOV EDAMOUE Hatt KAT ETEXTAOT TV AVATTUEN CUOTIHHATOS EVIIHEQWIONE TV YEWAOYL-
v yoaotav. Texvinég emeSeoyaoing emdvag €xovy epaopooel otic SoQUPOpILES E1dVES Yiat 1] YEWUETOLKT]
608w Toug, T PElWON TOV GYROV TS TANEOPOQINS TOU TEQLEYETHL TTNV AVAHADUEV TEQLOYI] TOU oo~
TOS, TNY TOUTEY0OVI] OUOYETLON TOV OLUQOQETIXIG SLUKOITANG IRAVOTTUG EGVIY, OIS %ol Ty EQUONOYY
teyviray taEvépnong. To amotéheopo me pehémg deiyver 6t ta dedopéva me mhemondmmone WIopolv va
yonoworombotv oty eVREQMON YEWAOYIRGY YootV ®hipaxas £me 1:25,000.

ABSTRACT

The use of Landsat and SPOT images in geologic mapping is well established. However, there is a continu-
ous improvement of the specifications of satellite systems and thus an improvement of the data quality of the
image data that are provided to the end user. Landsat 7 data have been available to the scientific community
since summer 1999. The aim of the work has been to evaluate the applicability of the use of digital Landsat 7 &
SPOT Panchromatic data combined with multispectral images (Fusion data) for the mapping of local scale
geological features using advanced image processing techniques.

Image processing techniques have been applied to remotely sensed data for:

Removal of artifacts related to atmosphere.
¢ Rectification of the images.
¢ Reduction of the high inter-band correlation inherent to the reflected part of the spectrum through the

decorrelation stretching of bands.
¢ Interpolation and co-registration of all data sets.
¢ Image integration / creation of data fusion image products.

Remotely sensed imagery has been interpreted in terms of geologic structures, and lithology for a test area of
study in Vermio (Pirgoi topographic sheet) so as to achieve the evaluation results. The interpretations have
been verified with the 1:50,000 & 1:25,000 scale geologic maps. The system proved to be effective in:
Covering the need for system development, concerning the image processing and GIS tasks.

Providing flexible image processing facilities to enhnace relevant image features.

Providing tools for image registration, geometric corrections.

Allowing information from different sources to be combined. The production of the data fusion data is fully
automated.

Applying both raster and vector techniques, along with the application of modelling techniques.

The contribution of the remotely sensed data to the geologic and structural mapping of the pilot project area
is indicated with the processed satellite imagery. Geologic features have been mapped on the satellite imagery.
More structural features are depicted on the satellite images than the general scale geologic maps.

Fusion data can contribute to the geologic map updating. Generally, the use of the remotely sensed images
in geologic map updating to scales up to 1:25,000 lies in the fact, that various geologic and mainly structural
features can be mapped quickly for large arcas. The time that is needed to delineate the general structure of the
area and to mark lithological features is a very short one, relatively to that needed for the construction of a
geological map. Landsat 7 data seem to be the most cost-effective solution for geologic map updating. The cost
to processing functions is well justifiable to a geologic map updating procedure.

* > + @

-

* GEOLOGIC MAP UPDATING USING HIGH RESOLUTION IMAGES OF THE MOST RECENT SATELLITE SYSTEMS
1. Ivonirovto Tewhoyirdv waw Metalhevuniy epevvidy, Meaoyeiov 70, 115 27 Afhva.
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AEZEIL KAEIAIA: Tlenioxémmon, dopugopirés emdves Landsat 5/ 7 & SPOT, emeSepyaoio emdvag, ym-
@roca] PiEN EEvoV, EQUNVELN, EVIIHEQWON YEWADYIAWDV YUQTWY,
KEY WORDS: Remote Sensing. Landsat 5 / 7 & SPOT satellite images. data fusion, image interpretation,
geologic map updating.

1. EIZAI'QI'H

H mhemoxomon dider onpoviz mhnoogopic mov propel va yonowomombel omy EVIHEQWION TWV
yemhoyuiv yaotov. Exet zabieombel 1 yorjon tov Landsat zar SPOT ewxdvav o€ Bépata yEmAoyLrmy
yaptoyoagiioewv. Exiong o dudgopeg eoyaoieg yivetar xofqom mg EQOONOYIC TEYVIRWY ouvBEOoNS RO
TaEvepnong pe vevpwvixd dixtua, (Kanellopoulos et. al. 1994; Key et. al.,1989). OnwodHTOTE 1) EVIHEQWON
£VOC YEWROYIROU Yot Eivan olivBeTn e0yaoia, xon YU auTd dev ExELyiveL ) alohdynan EEEIOHEVHEVOIV TEYVLADV
eneEe0yoing, 08 EGVES UNAIC DLIROITAIS IKAVOTTAS YICL TO YEWAOYIXG aepifdrhov e Ebhadas. levind,
oL duvaTéTTES TS TNAETLOXGTIONG 0T YEWwAOYIXY EQEVVE, DEV aSlomototvial dvra o€ 6AOE TO EUDOG TWV
dUVOTHV EQUOUOYMV TOUE YTl :

[. Ot emhoyES ¥0ONE T600 TWV DIAPOOETIAWY TUTWY DEDOUEVHV TMV DOQUPOQIAWY CUOTNUATWY [ TEYVIAOV OF
OYEON HE TO QUOKS TEBdho, TIC BIGPOQES EQPUONOYES %t TO #OOTOS, Eivon OUVHETES. [Moapddinha, €xen
roayparortomBel 1) aooToM] YEmY S00UQOOIKHY OUOTIATOY PE FEATUNNEVES TEOMAYQUPES, OMWG EIVLL
netaEl dhhwv zon auti tov Landsat 7.

2. Ta ovominata eneEepyaoiag emovag dev eival oxediaopéva v ax’ evbelug eQuopoyeg amy £0evva ToV

yewhoywol mepifdihovroc.

Agv UTAQYEL TAVTA 1) OWOTY ETMHOWVOVIE PETAED TOV YEOAGYMY RUL TV TEXVIAMY ENEEEQYAOTHS EIROVUS,

EVO) amauTeiTaL OGN XoHon Té00 TeXVIRWY emeEepyaciag e1rdvag 600 ral Tov Fenypaguray

Svompudrov [Tneogoptav, p° éva oyetivd vymAS x6oTog Tou dev lvar mdvra dabEayto.

4. Yadoyouv mooBMiaTe (e T YEMUETOIR TWY OTOYEIOY YUOTMY | EROVOY, EVH) GmUTETAL 1) EQUOROYY
TOMGOIOUOV HETROYMUATIONGY TO00 TWY QEOTEQ 600 XL THV SUVUORUTIADY TOLYEIWY TOV YUTWYV /
ELRGVOIV.

5. TIQEMEL Ve ONOLUOTOLOUVTOL YEWAOYUXG HOUTTOLCL RATE T1) DLAORELCL TG EQUIVELTS TWV dOPUPOPLAMY ELZOVIV
i Graty yiveTat 1 ouyy@veron Tov BEPATIRGY TOAYDVOY, ET0L HOTE va ehayiotomombouv Ta Al egunveiog
1] UTRORTOY SLUPOROTOOEWY %at VoL ETUTEVYOED 1] EVIIHEQWOM TWV JUOTHV.

Yrodewvietar 0 aviy#n aEokdynons Tov Siabéopny Soougootmy oUoMPGTmV 1o 0T0l JITOQOTY Vit
YONoLporom otV OTNY EVIUEQWON TWV YEWAOYIRGV F{OOTWV. AVTIHEIPUEVIROS OTOXOS TG E0YQOTag Elval 1
QVETTTUEY EQUOROYIC TTOV Ve RUAITTEL TV YN@LAXT] AVEAVON TOV DOQUPOQLLIIV EIROVIV, ETOL WOTE VL VTAQYEL
1 duvaTdTTa EVIHEQWOTS YEWAOYIMY YTV, TThoTint EQUOPOYY} HEAETIS ElVELL TEQLOYY] TOV Avtizoi Bepuiov
non E1dOTEON Eva emAEYIEVO Tijue Tov Tewhoyrot dukkov TTigyor. H meploy] pekémg amotehel Turjia tov
Avnizot Begpiov xau amoteheitar and oynpatiopots mov €govyv arotebei oto avatohxd mepbwpto g
[Mehoyovirg Cavig o oto dutixd Goto mg Zavng Alponiog, (Brunn, 1956; Photiades et. al., 1998).

O yEWAOYIRES LUOTOYRUPHAELS EXOULV YIVEL OF D0 dlagopeTines whipores 1:50,000 xar 1:25,000 (wriddng
A, Tonydong IT) %o #eAGTouy SlepoeeTizovg THOUS TETOMRATOV %ot tertovizdv dopdv. "Eyive aviuagafoly
TV oToTeEAEONGTMV EQIVELCS NG EGVag, e Tovg 1:50,000 rar 1:25,000 xhipanag yewhoyixols (GETES.

w

2. MEZA II0Y XPHEZIMOIIOIHOHKAN ELTHN EINITEYZH TQN AIIOTEAEEMATQN.

Ta BeBOUEVE TOV HOQUPOPIRMY ELXGVIV TTOU £x0VV Konayomomdel om pelém avagepoviar g ELHOVES
tov LANDSAT 5 / 7 #aw SPOT (IMavyyoopoti ewxdve) dogugopuedv ovompdrmy, Mivaxag 1. To TNTmips
TURETO AOYIOMROU €XEL XONOHoromBel oTV avaAuon Twv dOQUPOPLKMY EIRGVIV UL TNV eqpaopoy Twv
RATAIMADY DAVIOHOTIHOY TEXVIXGY eeEepyaoiag Tov TEdiOL TV Fewypaurdy Zvotudromy ITinoogoouiy.

O TimotL hnpogopiag Twv oxoiwy ouviibwg elvar omapaim Ty 1 ouveneEepyaoia pe ta oToLyEln TWV
SOQUPOOIKGV EMOVIV 0TI DIUPOQETIXES HEAETES, EIVOL TCL OTOLYEL TOU TOTOYQAIKOU vnopaBpov, To orouyEln
TV YEWAOYLRGY YUQT@V, CUMAEYHEVEL OTOLYE(C VIAIBQOL K(tt OTOLLELTL DPORWY XOTUYQUPEHY KO EQYATTNQUALGV
avVaABoEWY.

H orpamyur T miemonrdmmong Paoiletou ageves ot duvardmra xateyQugis dagoEOTOMOEWY TOU
ETUPAVELHOT avGyhugou 1] oTn) duvaTdTTa avayvHELOTS SLpOQOTOLOEMY TS ETUPAVELARYS OUOTOONG TOU
eddagouc. Eidud yuom yewhoylo fuoixd 06ho naiovy ot SLapogoTonjoeLs 0 toythixd 0QUATH, 0QUXTA audrjpov,
aoPeotiov ahhd xouw n wdhuym yng pe Praomon 1j avbomoyevels rutaorevés. Eniong, TolhEg popEg elval
YUQUKXTNOLOTLRI 1) QUOPATLAN CITGROLOT] TV SIAPERWY CUOTATIXEV TOU EBAPOUS 1] TV VOGTIVWV EMPAVELDY
ot Beppurt TepLoy Tou paopeTog. EEETaom Tmv Quopatitmy ¥ooartouotingy Tov edagoug Sider pla EvoeiEn
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HINAKAZ 1 Xagaxtnpiotixd tov Landsat 5 | 7 xar SPOT dopvgpopixav overudrwy.
TABLE 1. The data characteristics of the Landsat 5 | 7 & SPOT satellite systems.

26/10/1986

01/11/1999

LANDSAT 4 & 5 LANDSAT 7 SPOT

ANIXNEYTHE: Thematic | ANIXNEYTHZ: Thematic | HRV Instrument

Mapper Mapper ETM+

Neployéc dGopatog Meployxég ®aopatog MeplLoyéc d&opatoC

(am) (pm) (m)

1:0.45-0.52 1:0.45-0.515 XS MODE - MOAY®ASMATIKO

2:0.52-0.60 2:0.525-0.605 1: 0.50-0.59

3:0.63-0.69 3:0.63-0.690 2: 0.61-0.68

4:0.76-0.90 4:0.75-0.90 3.0.79-0.89

5:1.55-1.75 5:1.55-1.75 (+ 4: 1.55-1.75 otLg

6:10.40-12.50 6:10.40-12.5 npboQUTEC)

T7:2.08-2.35 7:2.09-2.35 P MODE - TlayXpwHOT LKO

8:.52-.90 (Moyypwpatikd) |1 3 0.51-0.73 (Ztnv

epyaoia XpnolLpono LABnke
Movyypwpot LK eLxdva  TOU
SPOT ouoThpatog)

ATAKPITIKH IKANOTHTA AIAKPITIKH IKANOTHTA AIAKPITIKEH TKANOTHTA

30 p 30 p 20 p

(120 p yia Modvia 6) (60 p yio Modvta 6) yLo XS MODE =

(15 u yia Modvto 8) MOAYOATMATIKO

10 pn
yice P MODE - MayXpwuoTtLKS

XPONIKH ATAKPITIKH | XPONIKH ATAKPITIEH | XPONIEH ATAKPITIKH

IKANOTHTA IKANOTHTA IKANOTHTA

16 HMEPEE 16 HMEPEZ 26 HMEPEZ

PAAIOMETPIKH AIAKPITIKH | PAAIOMETPIKH AIAKPITIKH | PAATIOMETFIKH ATAKPITIEH

IKANOTHTA IKANOTHTA IKANOTHTA

8 BIT 8 BIT 8 BIT

PATH/ROW:184/032 PATH/ROW:184/032 PATH/ROW:086/268

HMEPOMHNIA NAHYHZ EIKONAZ | HMEPOMHNIA NHYHE EIKONAYL | HMEPOMHNIA AHYHE EIKONAE

16/07/1994

ot Beppuxr] mepLoy Tov gpdoparos. EEETaom Tmv QUOoTiimy (uourTNOLoTIGY Tov eddgoug OideL i EvOeiEn
™ duvaTETNTaS avayvaplong tovg oty Yréoubon mepoy Tov gpdonatog.

3. EPAPMOI'H TEXNIKQN TONIEMOY EIKONAZ

Yadoyovv dio faocizég mpoaeyyioeig omyv eneEepyuoio ewmdvac. H modim moooéyyion Beitiotomotel v
TANEOQOPIL TS EIXGVAS TO TEQLEXOUEVE TS ROl TNV TOLOTNTE, ET0L HOTE 0 UVOAUTIE VoL ITTOQETEL VAL T
yonoiporonjoel ratevBeia yio ™y eounveia e, H devtepn mpooéyylon #ahinTel TS TEYVIRES OV
aupeothapfavory Tic cuTopaTes TAEIVOUOELS TWY dOQUGORLXGV EGVMY. O TOVIOUGS EMGVUS UVIHEL 0TIV
OGN TOOOEYYLOT ROl EYEL OOV OROTO TNV RUAITEOY AVOTHOACTAON NG ARG ELOVAS Ad TLS OTTOLES TOETEL
va emieyOouv ol héov ratdhinhes yue mv ouyrexpiiévy egapuoyt. Emmodobeta, eEeidinevpéves teyvineg
FONOLUOTOLOUVTEL YiC TOV QUONaTid Toviopd tov Landsat TM ewdvov, €rol dote va emrevyBel ) eppnveia

TOV YEWAOYLRWY OTOLLETWY.

O1 Baoirée texvinéc eneEepyaoiag ElXOvVaS TOU EX0UY YONOLoTomBED 0T CUYREXOEVN HEAET] didovTaL
otov IMivaxa 2, evd oto Zpjpa 1 Sidetol dLoypoppaminl GIERGVION TWV CUVOVUOTIROV TEXVIROV TOU
FONOLLOTOLOUVTAL Yict TNV EN(TEVEY TG EVIIHEQMONG TV KUQTWV.
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ITINAKAZ 2. [IPOENEZEPTAZIA | TONIZEMOZ EIKONAZX | TAZINOMHZH
TABLE 2. PRE-PROCESSING | IMAGE ENHANCEMENT | CLASSIFICATION

Texvixn Toviouou

Mep LypaPn

TEWHETP LKA
5 L 6pBuon o

MoviéAo: ApLViIKE

Avade lypatohniia

AnoteAéopato
Anédoon
cgUoinua EGSA

Rovtf@ﬁq sztvfdonc

Anbdoon

SLOKPLT LKED
LkavoéTnTes twv 10 &
15 p.

EYXPWHEC
ouvBégeLg

Av&huaon nou eQapuoOcInKE
Yonohoyiopde pftpoag T*Tpetafhniotnrioag /
ouppeTafAnIoIinIac

AvapdOuion twv opllovodv yia k&Be 3*3 uno-

oplilovoa.
Nelpopat LkOC EAeyXOQ
fNolotikn of Lohdynorn.

|Eikévec XEK-HIS

0L xaAUtepol
ouvduaopol
EMLTUYXGVOVTIOL PNETA
10 ouvduoopd and

1Lg pndvrieg TM 1,3
( 4) xou 5 (A 7)énwc
KL OTLC ELKOVEG TWV
NPOYHOT L KOV

KPWHATWY .

Epoppoyfl 10U pETaoxnuot iouol Xpoiudg, Evioong,
KopeopoUu (XEK), £tot @ote wo emiteuyBel

n ouyyoveuon tev SLapopETLKAC

SLaKpLTLKAC Lxavotntag Sdedopévav.

Yrnode LkvOeTOL

€1 Teudn

Tov opod

EROVW W

oupnison ing oxLac.

Epopuoyn TEXVLIKOV
TEVONNONG uE
enipheyn tou Back-
Propagation
(Nevpwv LKG Alxtun)

KoBoplopég exmatBevt kv nedlov petd and epunveia
v £ikdvav, Toafivopnon tne eLrOvaC oe
npoentAeypévectaielc. Autdpatn petatponn

10U onmoteAéopatog Taf Lvopnong

o Bepatikd / dLovuopatikd yaprn.

AnoBfixeuon twv Gepatirdv

tBlotitwv ot oyeolakn Péon dedopévav.

Avtduarn epunveio
TWV QUOPAT L KOV
KOXPOKTNPLOT LKAV TV
£LKOVWV.

Aucd LbdKkpLTEG
drogopég petaky Twv
NETPWUATWY
XOUpPTOoOYPUpoOUVTOL
LKOVOTIO LT LKG .

[ NPO-ENEEEPTALIA AEAOMENQN

Medouévo

Mignc
Data Fusion

X&ping

Tewhoy LkOC

Tonoypog L k&

LANDSAT TMoAUQOOUOT LKEC
gLrbveg

Zeg Mién (Data Fusion)ME

SPOT P - MavyypwHOT LKA

LANDSAT P -IloavyXpwHoT LKA

TEw-ovapopi

orolyEix
Etkdveg BEAEYXOC
Tewpetplocg
llpocapuoyn
[
Taf Lvdunon

enipieyn

Me / f yeplcg

Egoppoyn
S LAVUOPOT LKOV
TEXVLIKOV Tou nediou

Eppnveia pe Teh1xo
Tautéypovn XpAon — Anoxgheouu:
géotsp /o Buguepaon

LOVUOPAT L KOV YEWAOY LKOT
TEXV LKOV xéptn

ZXHMA 1. ZYZTHMA ENHMEPQIZHZHY IEQAOTTKOQN XAPTON
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FIGURE 1. GEOLOGIC MAP UPDATING PROCEDURE



Ot ouvduaopoi Twv SlagoeTiArs DIXOITIAS LRAVOTNTAS EGVOV ATODEXVIOVTAL IXOVOTOMTIHOL OTNV
EQUVELT YEWROYIHOV YOQUATOLITXIY TOV EDGPOVS, agol o1 diagopeTizol Tinol adowamg didovy dagopett-
%1} ahAd oupTANoWpaTIAY TANEOPOPIL Yu TOV (D10 OT6}0.

ZXHMA 2. Hayyowuatin] eixdva tov SPOT dopugopixov ovotijuatos ue oxedtaoud Tov ogioy Tov yewloyi-
ROV oYUaTIONGY (AOTEES YOAUUES) nat TEXTOVIXGY oToL Eiwy (Otaxexousves yoauuss) tov 1:50,000 xAipaxag
xdor. Eivar evderxerixi n dragogomoinon mov vrdpyet oe Oéoeig.

FIGURE 2. The geologic elements of the 1:50,000 scale map have been plotted on the SPOT Panchromatic
image. It is indicated that there are differences between the mapped features and the geologic information
provided by the image.

4. H TEQAOTIKH IIAHPO®OPIA

H napdhhnhn eneEepyaoia twv otoygeimv TS doPUPOEIRIS E1dvag PE Ta duipopa YemAoynd atovyela
FOOTHV EivaL ONUaVTL] 15 TEOS TNV GOxTNOoN aE6moTeY OToLElnVY, DLEVXGIUVON TS EQUNVELUS %ol TEMAI]
eviuépmon Twv otoiyelmvy Tov xdom. H avdlvon moénel va mepthapPdvel téoo ta oyediaotird ortolyeia, 600
%O ta owonxd me Paong dedopévov. H amobijxevon Twv Tolotxdy Yapurtolotiky o8 oyxeowax fdon de-
dopévav, dtevroliver ™y xabe eraxndhovdn avdlvon, 6mwg xal v emBoir] ouvdvaotirdy enepwToEWY. ZTV
weELoy peréms €xovy avahlvfel otoueia Tov YEwAoYLROT XAOTN 08 CUVOVGONG PE TIE DLUPOPETIYG dLaxOLTL-
HIC IRaVOTNTOC %Ol TOTOU DoEUPORIKES Etvdves. Eival evdernixd ard ta Zyjpata 2 xout 3 61 o1 dopugopinég
ewxdveg didovv yewhoyur mhnoogdonon. Zmy emdva Tov yijpatog 3, €xovv ayediaotel Ta TErTOVIRG OTOUKETD
TOV YEOAOYIRMDY Y01V (SLOHEROPEVES YOUPPES YLa Ta otoveic Tov 1:50,000 xhipoarag Xt ®ol AOTOES YO~
pég y' avtd tou 1:25,000) Grmg %ot 1) EQUNVELT TWV YEWAOYIRMV youpuinev otoyeiwy (Aemtég padpeg yoau-
HEC). Yrdoyouv diaqpopomonoels oxenixd tv tinpoqooic tmv S0 YEWAOYIRWY ¥aoTwV, 6w yia Tapdderypa
10 priype A-BA/A-NA dietifuvong oto #atm apuotepd TIjia Tg ELXOVAS TOU OTTOLOU PEVO €va e THIIT, HE
dragopeTiny dievBuvon éxel yaproyoagnBei otov 1:50,000 xhipaxrag xdom). Aviifeta eivar epgpaviig 1 oUpITw-
o1 Tov undpyet petall Tov priypatog autol Tov 1:25,000 whipaxog (GO ®o TOU YEWAOYLXOY YOuUKoT OToL-
yefov ov €yl yaproypagmOel om dogugooix ewxdve. TTopdpole TAUTLON LOKUEL KO YLot TO AOWTA YOOUUAG
oTorgela TV SOPUPOPIRMV EIROVEIV KO TOV TEXTOVIXGOY atoryeimy Tou 1:25,000 ydom. Onwodijmote ot meQLO-
¥Eg vmodevietal o €xovv yapToypugn el TEQLOOGTEQN YOUpuHA OTOLYELD 0TI HOQUPOPIKES EILOVES.

H ouvvdvaotxn pehém chwv autdv Tov otoyeinv vhomonjinxe yoriyopa %ol arpdoxonta oto dabéoo
TOxETO hoyopxol. Yrodewvietal 6t 1) xorjon tov dopugopuray eixdvov propel va fontioer omyv evnuéon-
on TV Yemhoywdy yootdv. ‘Omeg qaivetal xar oto yiua 4, eivar duvatj 1 00lo0EToN TwY YEWAOYLREY
CYMUATLOPGY |t axoiPelc, agov To amotéheopa mpooeyyLet Tov 1:25,000 ydom. Na mapdderypa, TaQovold-
Covral SLagpoomonjoeLs ot XUETOYOAPNOT) TOL 0pI0L TMV AORECTOABMY TOU AVTLOTOL{OUV e TO TOAMIYWVO PE
w6 7 Tov 1:25,000 whipomag xdom. To (Slo woyiel yia 1ov AMBokoyiré oymuatiopd tov grioy, (wndrds 6
1OV YEWAOYXOU YAoT™) 010 avatohxd e Tov ydoT. Tm mepLoy] vdoyeL evaliay] oynuatiopdy ehioym
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IXHMA 3. Havyyoouatixf eixéva tov Landsat 7 ovonijuaros. "Exovy oyedtaotei ta textovind ototyeia Tov
1:50,000 xAiuaxas yewloyixov ydory (Siaxexoueves yoaupuss), ta avriotorya Tov 1:25,000 (domges yoaupues pe
draqopeTind potifa) xar Ta Yewloyixd YoauuAd 0TOLYER TOY JOQUPOYIXGY EIXOVOY (UAVQES ALTTES YOQUMUET).
FIGURE 2. The figure shows the panchromatic image of Landsat 7 satellite system. On the image different linear

features have been plotted like the tectonic elements of the 1:50000-scale map (dashed lines), and those of the
1:25,000 scale map (white lines with different patterns), along with interpreted on the satellite images lineaments.

e ROOKUAOTALY@DV, TOU ATODIDETAL IKAVOTOMTIXG OTO UOTEAETp TS TaEvdumans. Exlong vrdyouvy duago-
QOTOUOELS Ot OTTOIES OQECROVICL OTO EVTOVO AVAYAVQO TS TEOLOYIIS HEAETS TTOU dNLOVEYEL OXLES, OL OTTOLES
ZWdLOTOLOUVTUL TOMES QopEg ot SuagopeTiar TGEN eE'autiag Mg LUOURTNOLOTINS QUORUTIANG UTOROLOTG
Tovg, O gounvevtric O mpéner yonopomowivag ta epyaheio tov MEIT ovoT{HATOS Vo SHOEL TV OWOTH #dLKO-
momon /epunveic Twv mohvydvov avtdv. Ta pdopapa (rodixdg 13) €xouv amodobel tavomommind, ahhd yao-
Toyougovrat xat diapogomonioeis. To (Lo woyver yiu Tovg vadhoutoug Tiovs Twv retpwpdroy. H Kahuypm
g / Praomon oyetiterar yioe Ty mhoTi TEQLOYI] HEAETG, e DIAPOQETIXONE TUTOVS TETRMPATMV GTWS TV
0QLOABWY, oLoToABmVY %o TG ®haoTrig OELRAS. ATOTEAEOUE (UTOU EivaL TOMES PORES 1) GUyyOY PETUED
Twv TdEenv Towv Stagpdony metpmpdrny, Téhog vadeyouv Tujpata Tov xdotr, Ta omoln Dewpotviar oav «Mn
TaEwvopmpéven o dev vdoyel 1) SuvardtnTa EviaEng Toug ot o and Tig zaboplopéveg xamyoples. Mevind
T0 AMOTERECE TS EQPAOMOYIS TEXVIRGV TaEvounong oe auvduaopd 1 autés tov nediov tov TEIT dider my
Suvatétte 0pLobEmong TELOYHY oL ouvdudoviat pe dola MBootpmpatoypapizdy evoritwy. H eqapopoyn
TOV OUVSUHOTIZGOV TEXVIXGV OIDEL TV duvaTdTiTa PE(®ONS TOL XOGVOU EQINVELRS / OYEdLUOUON TV 0plwV dlugo-
QETIAMY TETOWIATWY, EVEH Tepdhinha aflomoteltan 6An 1 paopam] TAnEoPooic Tny SLUPOYETIRMY doQUPO-
PURIV ELLOVV.
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AoBeatohiBikg kpoxahotrayr - Limestone conglomerates
.| ®huoyng - Flysch

AMrouBiakés AmoBEoeig - Alluvium
AcBearohiBol - Limeslone
Khaanks Zeipd - Clastic Series LylorohBol - Schist
Mdppapa - Marbles _ OgqiéABor - Ophiclites
_ Zkiég - Shadow [ Mmaf_wopqpa\ru Unclassified

QLAY ELLOVOV.

ZXHMA 4. Ta dota (navipes yoauuds)tov yewloyixov ydoty xiiuaxag 1:25,000, €xovy oxedraored oty
xeoToyoaqIRl anddoon Tov aroTelfoparos epaguoyis Twv Texvixay tafiveunons tov Back-propagation xai
TV ®ardAiniov diavvouarixoy Teyviroy Tov mediov tov FEIL Eivar evosixtixés ot diagopomonjosic o
TUIUATA TOY YAOTOYOAPHUEY®Y 0piwY.

FIGURE 4. The lithological boundaries of the 1:25,000 scale map have been plotted on the cartographic layout
which is the result of the application of classification | interpretation, along with the appropriate GIS techniques.

Different results are obtained after the analysis of the satellite images.

5.EPMHNEIA AEAOMENQN — ENAEIKTIKA AITOTEAEEMATA

To Landsat 7 ovomnpc mpoogeper vaivyn eviainy Tepoyav pe Pehtuwpévy yewpetola, o8 Oy€on pHe Toug
TEONYOUIEVOUS SopUEGPOVE TG oepds avtis. H wiEn pe to Mayyompatizd didel fehnwpévo todno epunveiag
O& OY€0N pE T¢ YEWAOYIHA oToEln TS Edvag. O cuvdvaoude dedouévay twv Landsat o SPOT dopugopt-
wv ovomudrov didel eirdveg PEATLOPEVIS EUROIVELUG, Ghd 1] EQUOUOYY TWV TEXVIXMV Elval yoovofooa, Eva
10 #00TOg LYNAoTEQO. Kot otic d10 mEQIMTWOELS EQUOUOYS TWV TEYVIRWV UENS LvIdpyel Peitivon o ayfon pe
TNV RAILOR O FOOTOYOAMPNONG HOAL T KWOUAT SIUROLTLHY] 1XavET T [LE R0 #E0TOg %ot dpeon afloroimon and
10 olompa eneEepyaoiag, ahhd elvar evdetia 1 tolurhordmta wg Tpog ™ ddikaoic epunveics / Tehunig
EVIUEQWOTS TOU LAOTY.

Tat fyvn Twv yewhoyroy orovgeiny égouy yaotoyougnOel pe peyahitepn axpiBeia ong dopuUpooLLEs e1rd-
veg oo ot otovg ®hipaxac 1:50,000 yewhoyirotg yGOTEC, OIS VITOOEIXVIETUL U0 TNV OUYXROLOY [E TOV VEWTE-
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00 1:25,000 %hipaxna yGom. Aut6 emBeatnver 10 YEYOVES 6TL 1] TANQOPORIL TwV HOQUPORILIV ELGVIV UITO-
oel va ouppdher oe evnuépwan yaptov ot rhlpaxreg £wg 1 : 25,000. Onwodimote, amapoitnm eivat 1) empBefoi-
won GAwY TV otorgeiny oto tralfpo. O cuvdLaoUGS TV GTOTEAECUATWY TS EQUNVELUG HE To PLaxd duavu-
ouatind otorgeia didel T duvardmTae EVpEomong Twv xaotwv. Baown mpotiindBeon yio pic ohoxhnowpévn
gpappoyj oto wedio g yemhoyuwig / mepifadhoviiniig €pevvag elval 1) e@aopoy cvompanxis pedodokoyiog
ROTA TV EQUIVELD TWV YEMAOYIRGOV OTOLEIWV.

O ¥o6vog MOV ATaLTETHL Yo TV 0p1oBEmon g yevixrig Yewhoyuiis SOpc TS TEQLOYNS NEAETNC ®at TOV
evromopd Oéoewv MBokoyirdv dlagopoTonjoewy, T0 CUVHLUOUS e dAha OTOLEIR %aL T TEAXY] EVUEQWON
TWV YUOTWV Eival eEAAIOTOS O OYEON LE QUTOV OV CITCUTE(TAL PE TNV EQUONOY #Aaoruy pebodwv avdivong
1] aropn won PeTd ™) xorjon 8o (1 TEQLOCOTERWY) OLUPOETIRWV TURETWV AOYIOUIXOT YnpLaxiic avdlvong yua
Vv eneEepyacict Tmv SEDOUEVMV TS TNAETLORGTNONG HOL TOV LUOTHV.
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COMPUTER TECHNIQUES FOR IMAGING EARTHQUAKE DEFORMATION
USING SATELLITE DATA AND DIGITAL ELEVATION MODELS.

A. GANAS , E. LAGIOSE, G. STAVRAKAKIS'

ABSTRACT

Earthquake deformation comprises both instantaneous, co-seismic strain and cumulative deformation over
several earthquake cycles. Co-seismic deformation following events greater than 6-6.5 Ms is mapped using dif-
ferential interferometry and possibly images from the new generation, very-high spatial resolution sensors. Cu-
mulative deformation is mapped using photo/image-interpretation techniques on enhanced satellite data, both
optical and radar. If strain markers can be identified on satellite imagery such as displaced channels, then some
of the kinematics of deformation (slip direction, amount) can be extracted. Remote sensing can also provide
conclusive evidence towards identifying the surface expression of seismogenic structures during events between
5.5 and 6 Ms.

KEY WORDS: EARTHQUAKES, SAR INTERFEROMETRY, REMOTE SENSING, DEM, ATTICA.

INTRODUCTION

The use of spaceborne images in active fault mapping is a well-established technique because they provide
digital views of the earth’s surface (Armijo et al., 1986; 1999; Ganas et al., 1998, 2001; Figure 1). These images
are two-dimensional, digital recordings of the Earth-leaving radiance (W/m” - sr'') from satellites orbiting the
planet at distances between 400 and 900 km. The “system” of observation is well established, with both the
illuminating source (sun) and orbital height being stable and sensor performance relatively stable over time. A
popular use of optical Earth-Observation (EO) data is to map long-term neotectonic deformation (hundreds up
to several millions of years). For example, Landsat TM data processing has been an effective tool for recognising
large landforms (alluvial fans, transverse bedrock ridges, “wine-glass” valleys) indicative of neotectonic faulting
(Figure 1). The recognition of these features is based on their geometry (e.g. arcuate shape for fans, axial drain-
age for rivers). In all cases, mapping follows data import, geometric and radiometric corrections, image en-
hancements, high-pass filtering, and other digital procedures (see Mather, 1987, pages 112-275).

The second important parameter in mapping ground deformation is relief. Topography has been modeled
as a proxy for fault displacement (Anders and Schlische, 1994). Digital Elevation Models (DEMs) are raster
analogs of topography originating mainly from photogrammetry (at visible wavelengths) and radargrammetry
(airborne-spaceborne C-band data). During the 1990’s across-track, monochromatic data such as SPOT 1A,
ERS Precision PRI, ERS Single Look Complex SLCi and RADARSAT fine beam data were used to extract
relatively accurate (10-20 m z-RMSe; Giles and Franklin, 1996; Krupnik, A.. 2000) DEMs after applying auto-
mated stereomatching procedures. The DEMs are mainly used in mapping fault segment boundaries within rift
systems because the latter are assumed to coincide with low footwall elevations, and in 2-pass, interferometric
SAR processing studies to subtract the topographic phase. Since early 2000 the availability of IKONOS type
data imply that depending on the quality of the exterior orientation, difference DEMs could be computed to
yield a large (* 7 Ms) earthquake deformation map. The IKONOS DEMs accuracy varies between 1-3 metres,
however, this is still under investigation due to orbital data restrictions from the US company that operates the
satellite.

METHODS FOR EARTHQUAKE DEFORMATION IMAGING
Optical data

A useful method to visualize a seismogenic fault is to apply digital processing techniques to obtain either

1. Geodynamics Institute, National Observatory of Athens, PO BOX 20048, Athens 118 10, Greece. E-mail: aganas@ gein.noa.gr
2. Department of Geophysics, University of Athens, 157 84 Athens, Greece.

- 2033 -



40 ; : . 4
| ey
! - u & P ’
39' JEEne hensl, G
] «gv Afglapui Rife %, v
S L A kY '
a o Nl ST :
38 — __-\q!- - ._" o, 38
| HATH , L5,
| ot 3
i \ ¥ r
37 ' | Ty LG ar
P -
VR kmZ
b 0 S50 100
36 36

Figure 1. Images of the active Atalanti fault segment, central Greece after Ganas et al., (1998). a): Location
map b) Field photograph normal to strike (look to southwest) showing wine-glass valleys terminating abruptly at
the fault line ¢) Landsat 4 TM satellite image of January 1988, band 5 (mid-infrared). The fault runs diagonally

NW-SE. The image look-up-table has been inverted to show geological structure more clearly (shadowed areas
are shown as bright). Point A is the top of Chlomon Mountain (1079 m).

nadir or oblique, panoramic views of the greater area it deforms. The views help to

1. Map the extent of the structure and measure its length (Figure 1). This is helpful to estimate various seismic
parameters, such rupture length and associated maximum magnitude etc

2. Estimate cumulative offset along strike by identifying displaced ridges. This is used to estimate horizontal
strain and amount of extension by assuming a fixed angle of slip

3. To identify cross faults and

4. To study the long-term evolution of landforms in the meisoseismal area of a large earthquake. This can be
done by calculating geomorphic ratios, such as sinuosity indices, valley widths to valley lengths ratios etc.

In nadir views of satellite data shaded relief images can be produced by choosing various illumination condi-
tions to examine the landform pattern. The long-term evolution is assumed to result from accumulated co-
seismic motions (uplift-subsiderice) and erosion due to climatic variations. An example is given in the shaded
relief image of Figure 2b, that simulates a low sun angle (zenith=75"), southeastern viewing direction (140° N)
of the western Attica region in Greece. This image is effectively a DEM of cartographic origin (HAGS, 1992)
that can be used as a raster background to overlay vector files like the shallow aftershock sequence of the 7/9/
1999 Ms 5.9 earthquake (Pavlides et al., 1999; Papadopoulos et al., 2000). A southeastern illumination accentu-
ates topography better because in central Greece the predominant extension direction is north south Clarke et
al., 1998). The same image can also host damage information after the collection of field observations and other
macroseismic data (Ganas et al., 2001).

Oblique views are constructed to visualize the pattern of regional structures (Figure 2a) in the vicinity of the
epicentre of an earthquake. Here a technique called “draping” is applied, where a colour composite, satellite
image of comparable pixel size to a pre-existing DEM is overlain. The resulting file can be rotated to a variety of
viewing directions to enable the geologist to make better observations of the fault pattern. An exaggeration of
the topography is necessary to distinguish fault segmentation associated with slip deficits and low relief. In the
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Figure 2a) Perspective view (towards northeast at 35° above the horizon) of western Attica, Greece. The image
was constructed using computer vision techniques, TM imagery (741 RGB) and a 20-m DEM. Dark gray line is
the trace of the Fili normal fault that moved during the 7/9/1999 earthquake. Vertical exaggeration x 3. 2b)
Shaded relief image of a Digital Elevation model of the meisoseismal area simulating orientation of topography
with respect to an illumination source (SE-140; zenith angle of 75 degrees). Light gray line is the Thriassion
normal fault; gray line is the Fili normal fault. Crosses are aftershock epicentres; Gray circle is the relocated
NOAGI epicentre of the main shock of Sept. 7, 1999. Map shows also the distribution of rock falls (white
circles). Roman capital letters indicate the earthquake intensity.

case of Figure 2a fault segment boundaries may be identified on both ends of the Thriassion normal fault seg-
ment, and on the eastern end of the Fili normal fault segment in Attica, Greece. A vector layer, the trace of the
Fili fault (dark gray line), is also superimposed to show the exact location of the seismogenic structure. To
accurately register DEMs and Landsat, SPOT, or ASTER satellite data we need suitable grid spacing of the
order of 10-to-20-m. The most accurate DEMs are produced by on-screen digitising of elevation contours of the
1:50,000 map sheets (contour interval 20 m). The degree of co-registration needs to be better than one pixel of
the satellite image.

Radar data

The Interferometry technique (InSAR) was applied to study the earthquake behaviour of active faults in
various parts of the world including Greece (Massonnet et al., 1993: Meyer et al., 1996; Wright et al., 1999,
Kontoes et al., 2000, see Figure 3). This mapping capability is possible on regional and even global scales using
specialized, radar processing software. Digital Elevation Models (DEMs) may be also created with height accu-
racies on the order of 5-20 metres. Detailed analysis of the phase part of the signal along the line of sight can
determine the surface displacement that has occurred between successive orbits of the satellite, even when the
orbits are years apart. However, the technique works much better in flat and dry areas because of constraints in
the imaging geometry (the ERS satellite has a high incidence angle, 23°) and the climatic influence on phase
coherence since wet climatic conditions cause quick, temporal decorrelation of the phase returns.

In this study we used the ATLANTIS software for Windows NT (version 1.2.1) where the 2-pass digital
processing procedure (Figure 3) involves a) resampling of the 20-m, external DEM to the master SAR image
(orbit 23136 — 23 September 1999), b) distortion of the re-sampled DEM creating foreshortening and layover
distortions c) fine, interactive co-registration of the DEM to the master SAR image using more than 20 tie
points with residuals less than a pixel d) calculation and subtraction of the topographic phase from the
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interferogram. The phase unwrapping is done by the use of the iterative disk-masking algorithm with controlled
error propagation and error correction. The algorithm uses multiple tiling and seeding techniques. Neither
remaining topographic phase nor atmospheric effects were detected on the interferogram. The extracted fringes
show an NI110-N120 axis of the deformation ellipse, parallel to the Fili neotectonic fault in agreement with
geological and seismological data (Pavlides et al., 1999, Papadopoulos et al., 2000). The calculated height-change
map (the vertical component of the line-of-sight vector) shows that the area of subsidence ranges between 2-7
cm with the maximum observed in the greater area of the ancient Fili Fort. Subsidence of 2-4 cm also occurred
in the Ano Liossia Area of the Athens basin where extensive damages and loss of life occurred. An area of uplift
at the bottom centre is so marginal (3-8 mm) that lies within the limits of error. These results may have a unique
value because no GPS data exist to measure the co-seismic deformation of the Athens earthquake.

Differential Interferometry for the Athens 5.9Ms EQ of 7/9/1999
ERS 2 SLCI orbits 23135 {23.5-1999) 22134 (16-7-1999)
Bperp=1561m, ime differsnce 68 days

1 B
Long Axis of
Deformation Ellipse & AT
P : % s
(P
TT N
QasVabm. )
(8, 1B, =43 128
Fl e,
Féin

Figure 3. Image showing the interferogram of the Athens earthquake from the phase difference of two ERS 2
satellite images. Time difference is 68 days and the perpendicular baseline between the two orbits is 151 metres.
An external digital elevation model with 20-m resolution was used to subtract pre-existing topography. Two
elliptical fringes can be distinguished; the internal one labeled 56 mm, while the external 28 mm. Figures are
amounis of subsidence. Black paiches are areas of low coherence.

DISCUSSION-CONCLUSIONS

Earth Observation data is another tool for the geologist/geophysicist to observe, map, display and under-
stand the deformation pattern following large earthquakes. In particular, surface ruptures, fault scarps, land-
slides and ground shaking phenomena (liquefaction, slumping) following events > 7 Ms can be mapped from
space using SAR Interferograms or panchromatic data from the IKONOS-2 (1 m pixel size) — IRS 1C/D (5.8 m)
and SPOT-4 (10 m) satellite series. These images can be georeferenced to national grids with sub-pixel accuracy
using mobile GPS networks. The mapping of surface ruptures on such large scales can supply spatial informa-
tion on previously undetected active faults or small branches of large, active faults and on fault segmentation
patterns if long (> 30 km) active faults have not ruptured during the last thousand years. In addition, differential
Interferometry can provide 1:50000 scale maps of the full, coseismic deformation field for events exceeding 5.8
Ms.

Furthermore, remote sensing can provide conclusive evidence towards identifying the surface expression of
seismogenic structures during events in the range 5.5 to 6 Ms. Because of the limited appearance or even non-
existence of primary effects of the earthquake (e.g., surface ruptures) during many of the above events, data
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spatial resolution and sun angle are the dominant factors that influence mapping quality.

The proposed method is:
1. The extraction of linear features (candidate structures) after digital processing of high resolution (Landsat
TM/ETM+, SPOT Pan/XS/XI — IKONOS) images (Figure 1),
The application of digital overlays of field observations and aftershock distribution patterns on either en-
hanced satellite images or shaded relief images (Figure 2) to study the spatial distribution of these datasets,
and
3. Comparison of the imaged faults with fault plane solutions from instrumental data and dominant slip direc-
tion in fault striation populations (e.g. Ganas et al., 2001).
This methodology can be effective even in cases where the candidate structures are spaced less than 10 km
apart.

I
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MONITORING OF COASTLINE CHANGES USING MULTITEMPORAL SATELLITE
DATA: THE CASE OF MESSOLOGI LAGOON SYSTEM AND ACHELOOS-EVINOS
DELTAS (W. GREECE)

I. GATSIS', IS. PARCHARIDIS , K. SERELIS'

ABSTRACT

The broader area of Messologi ecosystem located along the southern coast of Etoloakarnania prefecture, is
of great ecological interest. Through time, the area has suffered important changes due to anthropogenic inter-
ventions that have partly altered the initial natural parameters. The aim of this paper was the multitemporal
monitoring of the coastline changes in the area of Messologi lagoon and the estuaries of Acheloos and Evinos,
during the span of 1984-1999, using Landsat TM and ETM data. Two different techniques were used in order to
detect the probable changes, the band ratioing technique and the Principal Component Analysis. Zones of
accretion and erosion were recognized and the two techniques were evaluated.

KEY WORDS: Remote sensing, multitemporal data. coastline changes, erosion, accretion, Band ratioing, PCA,
Messologi ecosystems.

1. INTRODUCTION

Coastal zones are areas of major economic and social importance worldwide. In these zones there is intense,
diverse activity with consequential environmental impact from fishing, fish farming, industry of all types. relcase
of sewage, pollution by trace metals and organic compounds, eutrophication by terrestrial fertilizers and tour-
ism (Cracknell 1999, Doerffer et al. 1999). Very dynamic coastlines, such as delta and lagoon coast, pose consid-
erable hazards to human use and development, and rapid, replicable techniques are required to update coast-
line maps of these areas.

Large area remote sensing from satellites provides a unique tool for environmental research and monitoring
of coastal areas and deltaic environments (Pramanik et al. 1987, Ciavola et al. 1999, Yang et al. 1999). Moreo-
ver, in many parts of the world, the mapping of the coastline using multitemporal satellite data is an important
task because existing maps are often not accurate and updated: this is either because the area was only poorly
mapped in the first place or because the coastline has been changing (Frihy et al. 1994, Ulbricht & Heckendorff
1998, White & El Asmar 1999),

The study area is a very sensitive and ecologically unstable ecosystem protected by the Ramsar Convention,
and composes a hospitality and propagation area for many kinds of the animal kingdom (Karathanasi et al.
1997). The whole area shows complex aspects, both in its morphology and in its environmental dynamic proc-
esses.

Through time, the area of lagoon has suffered important changes due to anthropogenic interventions that
have partly altered the initial natural parameters, such as sedimentation, flora, fauna, etc. The anthropogenic
impact on the lagoon is due to the urban expansion mainly of Messologi and Etoliko towns, the salt industry, the
kind and extension of crops (intensive cultivation), the fisheries of the lagoon and the animal production facili-
ties on the surrounding lands (Parcharidis et al. 1999). As a result of the above-mentioned activities and inter-
ventions, changes are observed on the chemistry of the lagoon water and the land/sea distribution (erosion and
deposition of the sediments). These changes affect dramatically the existing natural biotopes, reducing their
extension and inducing a further decrease in the stability of this environment (Bonazountas et al. 1993).

The above reasons provoked the demarcation of this specific study area, investigating the potential offered
by the satellite data for the observation and detection of the anthropogenic and natural changes, and simultane-
ously examining these changes in an ecologically sensitive area.

The aim of this paper was the multitemporal monitoring of the coastline changes in the broader area of

1. Agricultural University of Athens, Mineralogy-Geology Lab., lera Odos 75, 118 55, Athens, jgatsis@aua.gr
2. Univ. of Athens, Faculty of Geology. Dep. of Geophysics-Geothermics, Space Application Research Unit, Panepistimioupolis - Ilissia, 157
84, Athens, e-mail: parchar@geol.uoa.gr
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Messologi lagoon and the estuaries of Acheloos and Evinos, during the span of 1984-1999, using Landsat TM
data. The combined study and the appropriate processing of the satellite images have accentuated the natural
and anthropogenic changes occurring during the last 15 years. Finally, the followed methodology in the present
study could be characterized as a useful tool for environmental planning and management.

2. DESCRIPTION OF THE STUDY AREA

The study area is located at the southwestern extremity of mainland Greece and specifically in the SW part
of Etoloakarnania prefecture (Fig. 1). It composes of the Messologi, Etoliko and Klisova lagoons, the estuaries
of Acheloos and Evinos, the old lake Meliti and the Platigialio bay. The climate is temperate while the mean
annual precipitation, in the area of Etoliko-Messologi lagoons, reaches 786mm.

The area is composed mainly by Ioanian zone rocks and at a lesser extent of Olonos-Pindos and Gavrovo
zones (Fleury 1977, Doutsos et al. 1987), such as Pre-Alpine Triassic breccias to the west, alpine Paleocene-
Eocene limestone and Oligocene flysch to the east. The post-alpine formations consist of Pliocene sediments
located mainly in the semi-mountainous areas, and of Quaternary formations in the lowlands (Kouris & Tsaila-
Monopoli 1989, Mettos et al. 1991, Kouris et al. 1996).

Evinos Delta

Figure 1. Location of the study area

The genesis of the broader of the lagoons is due to normal faults, with NNW-SSE general direction, that
followed the tectonic compression in the beginning of Quaternary (Vasilakis 1998). Thus, the plain and multi-
farious coastal area was filled with the fluvial sediments of Acheloos and Evinos rivers, after the creation of
grabens, during Miocene and Pliocene periods (Psilovikos 1993). Moreover, these sediments were carried by
the coastal currents and created the sandy islets, which compose a peculiar and very significant landform in the
outer part of the lagoons (Leontaris 1970). The Acheloos estuary present form as well as the accretion action
relate with the recent period of its paleogeographical evolution. This action contributed to the fast exposition of
the land during the last Holocene period.

The Messologi lagoon has a maximum length of 27 km and a maximum width of 15 km. It is divided from
Patraikos gulf with a series of sandbars, of 80cm height, being extended in almost 12 km length, upon which the
facilities of fish farming have been constructed (Karathanasi et al. 1997). These sandy islets cover a variable
area, proportionally to the seasons, playing a significant role of a physical breakwater and protecting the shal-
low lagoon from the erosive action of the waves, provoked by the dominated SE winds. The maximum depth of
Messologi lagoon reaches 1.8-2.0 m while the mean depth reaches 80 cm. On the contrary, Etoliko lagoon is
deeper with maximum depth 30 m. These two lagoons communicate through the shallow Etoliko straight, in
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some places the depth reaches 30 cm, a fact that impedes the water circulation between them (Bonazountas et
al. 1993).

The plain areca dominates, with few exceptions such as Arakinthos mountain (910m.) and some other hills
dispersed in the area, and is occupied mostly by crops such as maize, cotton, rice and tobacco,

The Messologi-Etoliko lagoon area has decreased to 150 km® due to the reclamation of its lands attributed
for agriculture and the salt-industry. The various works such as dams, flood controls, irrigation and drainage
works, etc., form a clear anthropogenic environment with many changes, the more serious of which are the
coastal erosion, the sea intrusion in Acheloos-Evinos deltas and the cease of land expansion (Marinos et al.
1994, Psilovikos 1994).

Evinos river has formed a remarkable delta with intermittent inundated mudflats composing a significant
feeding area for hundred kinds of birds that migrate or/and hibernate. It must be stressed that this fluvial ecosys-
tem will change after the operation of Ag. Georgios dam. On the other hand, the fluvial ecosystem of Acheloos
has downgraded considerably because the river flow is under human control, the riparian vegetation has defor-
ested in a great extent and today is restricted along the river banks while the amount of the carried load of
sediments has decreased significantly, due to the dams construction along its river bed and the utility of water
for irrigation purposes.

The river estuaries provoked, in the past, strong currents flowing parallel to the islets direction. This phe-
nomenon had as a result their continuous supply and reinforcement with new sediments. Today, the substantial
decrease of the water flow, due to the diversion of the two rivers, has induced the reduction of the current
strength resulting in the wave erosion of the islets.

3. ENVIRONMENTAL VULNERABILITY OF THE STUDY AREA

Environmental vulnerability is the potential for attributes of a system to be damaged and/or destabilized
mainly due to exogenous impacts. It is a crucial parameter in sensitive environments such as the study area.
A significant number of risks could affect the broader area of Messologi. These are the following:
a) Meteo events (draughts, floods)
b) Geological events (coastal processes)
¢) Anthropogenic events (pollution, solid wastes, urbanization, etc.)

4. DATA AND THEIR PROCESSING

Essentially, change detection involves the ability to quantify temporal effects using multitemporal data sets.
It is one of the major applications of remotely sensed data obtained from Earth Orbiting Satellites because of
the repetitive coverage at short intervals and consistent image quality (Singh 1989, Frihy et al. 1998).

The main objective of this study is to determine whether relatively short-term (of the order of 15 years)
coastline changes can be detected with relatively coarse spatial resolution (30m pixel size) satellite data. Landsat
TM and ETM data were acquired covering the study area (path 184 row 033) for two dates (26/7/84 of Landsat
S, and 28/7/99 of Landsat 7). The geometric correction was based on the EGSA87 georeference system by select-
ing a set of 35 ground control points for each image, mainly along or near the shoreline, and a polynomial
transformation of third order. The nearest neighbor resampling method has been used to create the output
images with 30 m ground resolution. The root mean squares errors for the rectified and registered images were
0.66 and 0.38, respectively. The ERDAS v. 8.3.1 and ILWIS 2.23 software have been used for the image process-
ing of the satellite image.

Two different techniques were used in order to detect the probable coastline changes:

a) The band ratioing technique (Cracknell and Hayes 1991, Sabins 1997). Ratioing is considered to be a rela-
tively rapid means of identifying areas of change (Howarth and Wickmore 1981, El Raey et al. 1999). The
same band of 1984 divided band 7 of 1999 image. Then, the ratio image was converted to log ratio scale for
better presentation and interpretation (Fig. 2).

b) The Principal Component Analysis.

The principal components transformation is a statistic technique of many variables, which chooses non-
correlated linear compositions (eigenvectors) of variables in such a way that each output principal component
(linear composition) shows the minimum variance (Mather, 1991). These variables in the multispectral images
are related to the spectral response of various surficial characteristics. One of the important features of PCA is
that it produces totally uncorrelated images, thereby removing redundancy in the original data sets (Eklundh
and Singh 1993, El Raey et al. 1999).
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Figure 2. Image of the ratio ETM7_99/TM7_84.

In this study standardized PC transformations were carried out using 6 bands for each date (6 visible and
reflected infrared bands). The analysis of eigenvalues and eigenvectors (Table 1) has revealed significant changes,
in the broader coastal area of Messologi, along the coastline.

The first principal components, PC1 and PC2, do not show any changes, and PC4 to PC12 do not display
features of significance. On the contrary, PC3 is the difference image between the two dates (Fig. 3), resulting
from the negative load for all bands of the first date (1984) and the positive load for almost all bands of the
second date (1999) with an exception for the negative contribution of TM4-99 which is very close to zero (Table 1).

The PC3 is found to be highly representative not only of the erosion and the accretion of the coastline but
also to the construction or the removal of the human facilities, like the fisheries facilities, the new port, etc.

5. ANALYSIS OF THE PROCESSED DATA - CONCLUSIONS

In the two produced images, PC3 and ratio ETM7/TM7, the light gray-white areas designate accretion or
some human interventions-constructions that did not exist in 1984 (urban areas, fisheries facilities. salt lakes,
etc.) and the dark gray-black areas designate erosion or the removal of the human constructions.

The most significant changes resulting from the interpretation of the two images (Fig. 2, 3) are the following:
e Evinos estuary shows considerable changes, along the coastline, that are related to the erosion of the sediments

and their transport and deposition to an adjacent place. The phenomenon of the erosion (black color) and

accretion (white color) is due to the simultaneous action of the sea currents and the decreased river supply of

sediments loads (Fig. 4).

e In Klisova lagoon the observed changes are related mainly with the removal of the human constructions
(black color) (Fig. 4). Furthermore, the deposition of sediments in the outer side of Louros islet (west of
Evinos estuary) is obvious (white color) and it seems to have a close relation with the above-mentioned sea
currents action.

e In Messologi town significant changes along the coastline have not been observed, with an exception of the
west part of it, where a small expansion has occurred (white color) (Fig. 3, point 1).

¢ Concerning the salt lakes among Messologi and Etoliko towns, there are some small changes related exclu-
sively to the human interventions (new constructions-white color) and the seasonal situation of the salt lakes
(the different spectral signatures are due to the unlike seasonal conditions, although the two images were
acquired in the same period) (Fig. 3, point 2).
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Table 1.

PC1 | PC2 | PC3 | PC4 | PC5 | PC6 | PC7 | PC8 | PC9 | PC10| PC11 | PC12
TM1 84 | 0,166]-0,311|-0,334|-0,268| 0,327 |-0,541|-0,166|-0,082| 0,275|-0,391| 0,125 |-0,118
TM2 84 | 0,246/-0,197|-0,334|-0,191-0,081| 0,062 | -0,361] 0,111 | 0,158 | 0,582 | -0,136 | 0,465
TM3 84 | 0,272|-0,242|-0,334| 0,031 | -0,132| 0,360 | -0,304|-0,224|-0,574]-0,146| 0,054 |-0,334
TM4 84 | 0,320 0,527 |-0,104| -0,257 | -0,587|-0,389| 0,006 | 0,103 |{-0,108(-0,071| -0,098 |-0,101
TM5 84 | 0,380/ 0,076 |-0,228| 0,359 | -0,083| 0,022 | 0,430 | -0,496] 0,206 | 0,086 | 0,384 | 0,185
TM7 84 | 0,326|-0,125|-0,288| 0,323 | 0,127 | 0,066 | 0,402 | 0,608 | 0,015 | -0,082| -0,342 |-0,122
TM1 99 | 0,170]-0,304| 0,260 | -0,387 0,144 [-0,240| 0,482 |-0,175/-0,480| 0,211 | -0,166 | 0,132
TM2 99 | 0,247 |-0,177/ 0,248 | -0,364(-0,124[ 0,279 0,117 [ 0,096 | 0,413 | 0,254 | 0,221 |-0,560
TM3 99 | 0,263 |-0,246| 0,318 | -0,125| -0,293| 0,297 | -0,024|-0,007| 0,183 | -0,575| -0,149 | 0,439
TM4 99 | 0,301] 0,551 [-0,013|-0,325( 0,581 | 0,329 | -0,033| 0,061 [-0,079|-0,106| 0,111 | 0,140
TM5 99 | 0,365] 0,096 | 0,349 | 0,318 [ 0,201 [-0,142| -0,292-0,346| 0,143 0,115 | -0,539 | -0,211
TM7 99 | 0,320/ -0,098| 0,408 | 0,295 | 0,045 | -0,256| -0,265] 0,376 | -0,232| 0,066 | 0,536 | 0,103

% Variance | 74,46 | 14,60 | 6,67 | 2,16 | 0,77 | 055 | 042 | 0,12 | 0,08 | 0,08 | 0,04 | 0,04
Eigenvalue | 36463 7150,0]|3265,0/1059,0| 379,0 | 269,0| 207,5 | 58,2 401 | 375 | 209 | 176

Messologi
lagoon

©wsmsigal

i

Figure 3. The Principal Component image 3.

e In the broader area of Etoliko town and its lagoon small changes have been observed along the coastline.
The expansion of the urban shell is obvious mostly to the south and to the east of the town (white color). As
far as it concerns the lagoon coastline there is no evident change. On the contrary, the new national road
Antirrio-loannina is easily detected. Also, the removal of some constructions (black color - Fig. 3, point 3) is
discriminated to the SSE of Etoliko.

e In the Messologi lagoon, there is a significant change in the existent situation of the salt lakes and the fisher-
ies facilities, mostly in the northern-western part, where exposure of the seawater has been observed in
extended areas (black color - Fig. 3, point 4 and 5). Concerning the islets, in the southern border of the
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erosion

Figure 4. Subscene of PC3 image, representing the Evinos Delta. With black color the erosion and with white the

accretion along the coast.

Figure 5. Subscene of PC3 image showing the accretion (white color) and the erosion (black color) along the
islets in the southern Messologi lagoon.

lagoon (Exo Louros, Tholi, Prokopanistos), a width increase (accretion) has been detected in their outer
side; the most characteristic and intense change is of Prokopanistos islet where a small part of it, to the south,
has been eroded and deposited beside to the west. Moreover, some existed gaps between the islets, have
been filled with new sediments (naturally or artificially) (Fig. 5).

In the old estuary of Acheloos (Paliopotamos) some changes have been observed, mostly along the islet (it
separates the fish farming area from Patraikos gulf) where new sediments have been deposited (white color)
while in some other places the seawater covers the land (black color - Fig, 3, point 6). As regards to the
present estuary of Acheloos, there is a significant differentiation that is not totally identified and detected
from both techniques. The reduced river supply of carrying load of sediments has provoked some changes in
the land distribution in the outlet of Acheloos estuary (Fig. 3, point 7). In the outer side of the land zone, to
the west of the estuary, the coastline erosion is obvious (black color - Fig. 3, point 8). The small islands
located exactly in the outlet of the estuary have changed in shape and distribution.

Finally, the new port constructed in the last decade, without being yet in operational use, has significantly
changed the coastline in Platigialio bay (Fig. 3, point 9).

The analysis and interpretation of the two different technique products shows spectral similarities. Although

in some specific areas the two techniques complement each other, PCA technique seems to detect more clearly
and accurately the coastline changes that occurred in the broader area of Messologi lagoon.
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EVALUATION OF REMOTE SENSING METHODS FOR THE DETECTION
OF HYDROTHERMAL ALTERATION ZONES IN MILOS ISLAND (GREECE)
1S. PARCHARIDIS', E. GARTZOS', EM. PSOMIADIS'

ABSTRACT

Data of Landsat 5 Thematic Mapper have been processed and analysed in the present paper, in order to
detect the alteration zones in Milos island. These altered zones are important because they are connected with
the presence of industrial mineral deposits such as bentonite and kaolinite.

Two different processing and analysis methods of satellite data, Crosta technique and band ratioing, have
been used aiming at the evaluation of the results of each technique separately and their comparison by taking
into account the local conditions which affect significantly the final result. These two methods have been proved
to be complementary.

KEY WORDS: Remote sensing, alteration zones, PCA, band ratios, spectral reflectance, Milos island.

1. INTRODUCTION

In general, the hydrothermal alteration of certain rock types leads to the formation of industrial and/or
metallic mineral deposits. The case of Milos island is a characteristic example. Intense hydrothermal alteration
of voleanic rocks on Milos resulted in the formation of exploitable industrial mineral deposits (bentonite and
kaolinite). In addition, various hydrothermal minerals such as barite, alunite, sulphur, galena, manganese and
iron oxides, and epithermal gold have been formed (Kelepertsis et al. 1990, Liakopoulos 1991, Fytikas and
Markopoulos 1992, Ballanti 1997).

Hydrothermal alteration mapping using earth observation satellite data is possible because certain minerals
show characteristic spectral features that permit their remote detection (Fraser 1991, Carranza & Hale 1999).

The Thematic Mapper of Landsat 5 permits the recording of the spectral variations of various hydrothermal
alteration minerals with positive results.

Two different techniques of mapping the alteration zones were used in this study:

a) The band ratioing technique (Goetz, 1989, Cracknell and Hayes, 1991, Gupta, 1991, Fraser 1991, Rencz et

al., 1994, Sabins, 1997, Harris et al., 1998, Parcharidis et al., 1998)

b) The Crosta technique, which is based on the Principal Component Analysis (Crosta and Moore 1989, Loughlin

1991, Ruiz-Armenta and Prol-Ledesma 1998).

Finally, these two techniques are evaluated by taking into account the local conditions (atmospheric condi-
tions, climate, topography, land cover etc.), which influence significantly the efficiency of both techniques.

The above-mentioned methods will be applied in the case of Milos island for the mapping of the hydrother-
mal alteration zones. Furthermore, the advantages and disadvantages of the two methods will be examined, and
their complementary character will be evaluated.

2. GEOLOGICAL SETTING OF MILOS ISLAND
(i) Main stratigraphic units

The voleanism in Milos island is characterized by a calk-alkaline activity, from the Upper Pliocene to the
Upper Quaternary. There are five (5) volcanic phases: The three of them are of the Upper Pliocene and are
characterized by rocks rich in SiO, such us rhyolites, rhyolitic tuffites and dacites. The fourth phase took place in
the Lower Quaternary and gave rise to mostly basic volcanic rocks (andesites and andesitic breccias). The last
volcanic activity took place in the Upper Pleistocene and the rhyolitic lavas and the tuffites of Fyriplaka-Trahila
were formed. The area can be characterized as volcanically active, although it hasn’t shown such an activity the

1. Space Applications. Research Unit in Geosciences, Laboratory of Geophysics, National and Kapodistrian University of Athens,
Panepistimiopolis-Ilissia, Athens 157 84 (GR), e-mail: parchar{@geol.uoa.gr
2. Agricultural Univ. of Athens, Minerology-Geology lab, Iera Odos 75, 118 55, Athens, e-mail: egartz@aua.gr, mpsomiadis@aua.gr.
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last 80.000 years. The strong fumarolic activity is an evidence of the presence of a warm magmatic source in
depth.Four different stratigraphic units can be noticed in Milos (Fytikas et al., 1986). (fig. 1).

[ Alluvial sediments B3 Pyrociastic seres

i Domes and lava fi
B uolicoymions LI Domes andlova fows
Bl Rhyoiitic domes [Z 7] Basal pyroclastic series
[F7] Hyorodiastic products [E]] Neogene sedments
E Daditic domes Il Metamorphic basement

Fig.1: Geological map of Milos island (Fytikas et al., 1986).

- Metamorphosed alpine basement: it appears with small outcrops of strongly deformed metamorphic rocks,
mostly in the southeastern part of the island.

- Neogene sedimentary sequence: some of its parts, from the Upper Miocene to the Lower Pliocene, appear in
the southern part of the island (Fytikas, 1977).

- Volcanic sequence: volcanic and volcano-sedimentary units. This sequence can be classified in four main units:
(a) A pyroclastic one occurring at the base (Middle-Upper Pliocene), (b) A complex of lava flow and domes
(Upper Pliocene), (c) Pyroclastics and lava domes (Lower Pleistocene), (d) The acid complex of Fyriplaka
and Trahila (Upper Pleistocene).

- Alluvial sediments: located in the Zefiria area and consist of clay, sand and gypsum of a total thickness of 80
m. Smaller outcrops appear around the Adamas village.

(ii) Tectonics

Milos island has been affected by the Post-Upper Pliocene tectonics. According to Papadopoulos (1993),
the seismic activity of the island (March of 1992, Ms=5.3) is connected to structural deformations and not to the
volcanic activity. The circulation of hydrothermal fluid in the crust is due to tensional faults (shear fractures)
(Ballanti, 1997). Four main fault systems have been noticed: (a) NW-SE system, (b) E-W, (c) N-S, (d) ENE-
WSW (Fytikas 1977, Tsokas 1985).

(iii) Hydrothermal activity

The widespread hydrothermal activity which is evident on Milos island (fig. 2) is related to the thermal
anomalies due to the occurrence of shallow magma chambers (Vavelidis et al., 1998).

On the basis of geothermal studies (Fytikas 1977) and the presence of the active hydrothermal system in the
southeastern coasts of Milos, it is concluded that there is a magmatic heat source, which provides the necessary
thermal energy for the function of today’s hydrothermal system. In addition, the southeastern part of the island
is dominated by mineral outcrops, which are connected to a recent hydrothermal activity of an explosive charac-
ter that created the hydrothermal craters in this area. Finally, the presence of hydrothermal alteration in the
northwestern edge of the island, is an evidence of hydrothermal activity in this area. In any case, the extensive
hydrothermal alteration zones occur in the eastern part of the island, north of the active hydrothermal system.
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Fig.2: Map of the hydrothermal features of eastern Milos (Ballanti, 1997).

3. DATA USED AND THEIR PREPROCESSING

The study area is covered by the Landsat 5 TM image, path/row: 182/035 (column/row: 6920 x 5760), 7
spectral bands, dated 23/9/1987. This image has been chosen because of no cloud cover and of a high sun eleva-
tion angle, which offers better signal to noise ratio helping the mapping in this specific application. The ERDAS
v.8.3.1 software has been used for the image processing of the satellite image and the ARC-VIEW v.3.1 for the
digitising and manipulation of the spatial information.

The preprocessing of the Landsat TM data includes the radiometric and geometric correction of the data:
a) Atmospheric correction comes under the category of radiometric correction, which improves the ability to

interpret and compare the digital satellite images. Relevant atmospheric parameters are the vertical profile

of pressure, air temperature, humidity, ozone, aerosol type and content, which influence the absorption and

scattering properties. In order to apply atmospheric correction the ATCOR2 for IMAGINE (Version 1.6)

has been used.

b) The geometric correction, based on the EGSA87 georeference system by selecting a set of 19 ground control
points, mainly along the shoreline, has been made. The nearest neighbor resampling method with a polyno-
mial transformation of second order (and a new spatial resolution of 33m/pixel after the resampling) has
been used.

4. SPECTRAL RECOGNITION OF THE ALTERATION MINERALS IN LANDSAT TM IMAGES

The characteristics of the spectral reflectance and emission of the rocks at various wavelengths are the result
of their physical and chemical properties (Abrams et al. 1984, Goosens et al. 1994). The hydrothermal alteration
minerals have a different distribution in the various types of the hydrothermal systems, which are characterized
by groups of minerals that have spectral characteristics in the near and middle infrared. Referring to the clay
minerals (kaolinite, smectite etc.), the spectral zone with a range from 2.1 to 2.4 um is characterized by a high
absorption whereas the maximum reflectance (takes places-occurs) at about 1.6 pm.,

The iron oxides show a wide and strong absorption band of radiation, which is due to the transformation of
their electrons, that is located in the region of the ultraviolet-visible blue, and it increases progressively to higher
wavelengths. In addition, a spectral absorption channel of the Ferric iron (Fe**) is located in the region of the
near infrared (Hunt et al. 1979, White et al. 1997).

The land cover, as far as it concerns the vegetation, is a serious problem because it presents absorption
characteristics in the spectrum from 0.45 to 0.68 pm (due to the chlorophyll absorption) and a high reflectance
at 1.6-2.2 um (due to leaf water absorption).
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at 1.6-2.2 um (due to leaf water absorption).

The Thematic Mapper (Landsat recording instrument) allows the recognition of individual minerals, be-
cause of the recording range of its spectral bands.

Clay minerals show radiation absorption at wavelengths identical with the spectral band TM7 in connection
with the potential detection of spectral recording of the Thematic Mapper. On the other hand, they show high
reflectance within the spectral band TMS5 (fig. 3). The iron oxides show low reflectance in the spectral band T™I
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and a high one in the spectral band TM3 (fig. 4). minerals (Sabins, 1997).
Fig.3: Spectral reflectance curves of the main clay Fig.4: Spectral reflectance curves of the main iron

minerals (Sabins, 1997)
5. THE PRINCIPAL COMPONENT ANALYSIS TECHNIQUE (CROSTA TECHNIQUE)

The principal components transformation is a statistic technique of many variables. which chooses non-
correlated linear compositions (eigenvectors) of variables in such a way that each output principal component
(linear composition) shows the minimum variance (Mather, 1991). This variable in the multispectral images is
related to the spectral response of various surfacial characteristics.

The Crosta technique (Crosta and Moore, 1989) also known as Feature Oriented Principal Components
Selection, permits the recognition of the principal components that give information related to the spectral
responses of specific targets. An important advantage of the technique is that it predicts whether the surficial
characteristics are enhanced by pixel with low or high digital number in the related principal component. The
Crosta technique has been applied in the 6 bands (except the spectral band 6, thermal infrared). On table 1 the
characteristic eigenvalues (in which the reduce in the variance of the information is shown for its component) as
well as the eigenvectors, are shown.

We notice on table 1 that the component PC1 contains the 95% (very high rate) of the variance of the 6
spectral bands with values varying from 30.3 (TM1) to 48.5 (TMS5) giving information mainly about albedo and
the topography. In the second component PC2 the information is provided by TM4 (33.3) and TM5 (44.5) and it
receives a negative contribution mainly by TM1 (-71.3). The importance of this image is that it contains the
information for the vegetation distribution with the corresponding pixels having high digital numbers.

Table 1: Principal Component Analysis on six bands (eigenvector lodings in percentages).

Eigenvector matrix (%) of original bands

Input Bands M1 ™2 T™M3 ™4 ™5 ™7 Eigenvalues (%)
PC1 30,3 85,7 38,2 46,1 48,5 43,2 95,8
PC2 =71 ,;3 =33,7 -22,9 33,3 44,7 12,2 2,6
PC3 5,5 -21,8 118 -57,8 8,3 7.0 Ly
pC4 5,4 -18,5 -58,8 ~2,2 51,0 25;5 0,3
PC5 =28;1 50,0 14,6 —56,3 49,0 29,0 0,1
PC7 -14,0 65,1 -64,8 15;5 -24,0 23,5 0,1
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According to the spectral analysis curves and the range distribution of the Landsat spectral bands the com-
ponents PC5 and PC6 are those that contain the spectral information relevant to the hydroxyd minerals and iron
oxides. The interest is focused mainly on the components PC3 and PC6. The component PC3 has a positive
contribution by TM3 (11.9), TMS5 (8.3) and TM7 (77.0) in which the iron oxides display a characteristic high
reflectance and a negative or very low positive contribution by TM2= -21.8 and TM1=5.5 in which the iron
oxides show characteristics of spectral absorption. Thus, in this image the iron oxides are correlated to pixels
with high digital numbers. The component PC6 receives a negative contribution by TM5 (-24.0) in which the
hydroxides show characteristics of high reflectance and positive contribution by TM7 (23.5) where the hydroxyls
show characteristics of spectral absorption. According to the spectral characteristics of the hydroxyls in PC6
image, the relative areas appear with pixels of low digital numbers and for this reason the invert technique has
been applied.

A False Color image has been created, with the use of the components PC2, PC3 and PC6 (presented as gray
scale image in fig. 5). In this gray scale image, the dark gray levels are related to natural vegetation or crops
(according to their characteristics), the medium gray levels are related with the areas that iron oxides dominate
and the light gray areas with the clay minerals. The combination of the last two shades of gray indicates altera-
tion zones where clay minerals and iron oxides coexist.

Through the observation of the image we have concluded that the western part of the island, in its major
extension, is covered by vegetation. This vegetation cover makes the mapping of the alteration zones impossible.
The vegetation in the eastern part is limited and comprises sparse bushy vegetation and crops. Alteration zones
are located, mainly in the eastern part of the island and specifically in the areas Aggeries, Micro Arcontimio,
Kato Komia, Koufi, in the western part in the areas Asprovounala and Fourni and in the middle of the northern
part, along a zone with NE-SW direction from Tsouvala up to Makrolagada. However, few areas along the
coastal zone (extend from Alimia to Kofto, Voudia, Kastanas and Boudari) appear on the image with similar
levels of gray and have been described as coastal clastic deposits derived actually from the altered rocks.

6. BAND RATIOING TECHNIQUE

According to what has been described about the spectral response of hydrothermal alteration minerals and

ot

Fig.5: Gray scale image of the components PC3, PC6, PC2.

their recognition in Landsat TM images, we have come to the conclusion that:

e The ratio 5/7 of spectral images can be used for the recognition of clay minerals and at the same time, for the
distinction of altered and non-altered rocks. These two rock types (altered and non-altered) appear to have
the same reflectance in the image of spectral band TMS5 and the non-altered rocks have the same reflectance
in the image of the spectral band TM7. The ratio 5/7 gives values higher than 1, for the altered rocks.
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e The iron oxides show a low reflectance in the spectral band TM1 and a high one in the spectral band TM3.

Thus, the hydrothermally altered rocks, which are rich in iron oxides, have high values of the ratio 3/1.

The creation of Color Composite Ratios is a technique that enhances the information through the creation
of three color composite ratios and their correspondence in colors Red, Green, Blue.

After that, three kinds of digital analysis have been made.

Determination of the Color Composite Ratios (CCR) of the spectral bands.

Application of the technique masking the vegetation

Detection of the most important alteration zones.

The first step was the enhancement of the initial ratio images according to the equation: Ratio image =
atan (spectral band A/ spectral band B)

Then using these enhanced images, a false color composite image with ratios 3/1, 4/3, 5/7 (R, G, B) was
created (presented as gray scale image in fig. 6).

The second digital analysis concerned the presence of vegetation in the area, because it hides possible
altered areas. For this reason the image of Normalize Difference Vegetation Index (NDVI) has been created
according to the equation: NDVI = (TM4-TM3)/ (TM4+4TM3)

The value “0" has been given to the pixels correlated to the vegetation and then the mask technique was
applied (black color in the image).

Finally, using the latter image, the detection of the main hydrothermal zones has been made. In this image,
the hydrothermally altered zones appear with dark gray levels. These zones are located especially in the areas
Aggeries (with ring shape), Kato Komia and Asprovounala, mostly in the eastern part of the island. In the areas
Voudia and Kastanas located along the coastal zone the appearance of similar gray levels on the image, due to
clastic deposits derived from the altered areas.

7. CONCLUSIONS

We have observed the following after the analysis and the interpretation of the two different final products
using as guide area, Voudia location in fig. 7:
a. Inthe composite image of the ratios, the mask technique (using and the good knowledge of land cover of the
area) minimizes the influence of vegetation on the signal reflectance characteristics of the altered areas.

Fig.6: Gray scale image of the ratios 3/1, 4/3, 5/7.

b. In Crosta technique is obvious that principal component values do not form the ideal correlation, for the
exact enhancement of the aiming characteristics (hydrothermal alteration minerals).

¢. The geometry of the alteration zones is enhanced when the band ratioing technique is used.

d. The clay minerals alteration zones appear more clearly to the interpreter with the Crosta technique, in a
quick visual interpretation.
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In conclusion it can be deduced that in cases like the one of Milos (alternating morphology. semiarid climate
and differentiation in vegetation from nude relief to dense bushy), both techniques have given good results and
in many occasions, the two techniques complement cach other.
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Fig. 7: Composite Images in gray scale, a) Crosta technique, b) Band ratioing technique, for the area Aggeries-
Voudia.
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MULTITEMPORAL HAZARD ASSESSMENT IN A HIGH FLASH FLOOD RISK AREA
USING RS/GIS TECHNIQUES: THE CASE OF HYMITTOS MT. (ATHENS)
IS. PARCHARIDIS, E. LAGIOS', E. PSOMIADIS’

ABSTRACT

This study concerns the multitemporal flood hazard assessment using remotely sensing data in a GIS con-
text. The study area is located in the western slopes of Hymittos Mt. facing Athens city, which constitute a very
critical environment for flash floods combining considerable characteristics like steep slopes, urban expansion,
fire events and different land cover types.

Landsat TM images and Landsat ETM+ images were used to demonstrate their usefulness for the temporal
change detection, and IRS-1C data have been used for the detection of urban parameters. The conclusion of this
study was the monitoring of how the natural and antropogenetic changes, affect the hazard and thereupon the
flash flood risk conditions of Hymittos Mt. area.

KEY WORDS: Remote Sensing, GIS, hazard, flash flood, change detection, PCA, NDVI, Hymittos Mt.

1. INTRODUCTION

Rainfalls vary in intensity and duration. and so does the volume of rainwater that runs across the land. Large
convective thunderstorms can build up in a matter of hours and quickly set loose the terrifying walls of water
known as flash floods, and strike at any time and at any place with little or no warning (Abbott, 1996). In
mountainous or flat terrain, distant rain may be channeled into gullies and ravines, turning a quiet streamside
campsite or wash into a rampaging torrent in minutes. City streets can become rivers in seconds. Floods are the
most visible and destructive hydrologic phenomenon in terms of human and economic loss. As much as 90% of
the damage related to natural disasters is caused by floods and associated mud and debris flows (Smith and
Ward, 1998). Floods create hazards in several ways:

a) Loss of life, property and services and other social impacts associate with flood flows, b) Scour and depo-
sition in natural channels, ¢) Erosion of channel banks and beds and deposition of sediments in channels and
others areas, d) Possible transport of large quantities of pollutants, e) Landslides and debris flow, f) Alteration
of hydrologic characteristics of basins.

Understanding the causes and consequences of floods requires continued research on the geomorphology of
the basins as well as monitoring of the correspondent land use changes affecting the hazard.

Cooke and Doornkamp (1990) describe three groups of interrelated factors constitute important flood char-
acteristics: the transient phenomena including the most common cause of flooding which is the heavy precipita-
tion (Barry and Chorley, 1982). The second group is relative to the basin characteristics, drainage network and
channel characteristics (geometry, slope etc.) and finally there is a clear relationship between urbanization and
changes in the unit hydrograph (Hollis, 1979). According to Alexander (1993) the flooding events in urban areas
increase and become more destructive mainly because of:

a) The forcedly constraint of the streambeds at the urbanized areas due to uncontrolled urbanization, b)
The barring of the streambeds either by buildings or by debris, especially where failed technical constructions
have been made, c) The forest fires and the loss of trees, in general, taking place inside the watersheds around an
urban area, d) The decrease of the infiltration along with the increase of surfacial run off as a result of the
urbanization, e) The failure in the constructed flood technical works that are not compatible with the environ-
ment and in general with the geodynamic settings that take place around the particular area.

Earth observation data are still not in use for the support of the response in a flood event (real-time provi-
sion of the data. They could contribute to study and asses the flood risk in an large area as well as to record the
flooded zones using multitemporal images (Mc Ginnis and Rango, 1975, Ochi et al. 1991, Biggin and Blyth,
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1996, Sharma et al.. 1996, Brakenridge et al. 1998, Parcharidis et al., 2000).

The objectives of this paper are to define the morphological properties of the basins and compute the
changes over them using satellite data in a GIS context. Furthermore will be examined the affection of these
changes to the hazard variation of them. The relative change in land use over time will be compiled by using
satellite data and the morphological and hydrological characteristics will be automatically computed using as
base the DEM.

2. GEOLOGICAL-LANDUSE AND METEOROLOGICAL SETTING OF THE STUDY AREA

The Hymittos Mt is located just east of Athens city. The highest point is about 1030 meters and the general
direction of N-S. Regarding the lithostratigraphic units Marinos and Petrascheck (1956) and Katsikatsos (1977)
suggest the existence of two main geotectonic units (the autochthonous and the allochthonous nappe). Mariolakos
and Papanikolaou (1973) revised partially the Lepsius’s (1893) lithostratigraphic structure. Lekkas and Lozios
(2000) recognized the following units:

a) The lowermost unit, of Vari-Kirou unit represented by a mica- and calc schist formation passing to a
sequence of dolomitic and impure marble to a massive dolomite, b) The “Hymittos unit” consisting from the
lower to the upper by whitish and bluish marble, schists with marble intercalations, alternates of schists, marble
and impure marble, c) The upper most unit of “Lavrio-Athens™.

The expansion of Athens city building up shell during the last three decades, contributes to the sprawl
building of the slopes facing the basin and this expansion in synergy with the fires produce a high-risk environ-
ment for flash flows during extreme weather conditions.

The last 15 years a high number of fires have affected the study area. A total of 16 fire events of different
spatial extension and distribution (fig. 1) have occurred (Source: Data base of Institute of Forest Research).

Athens is one of the driest areas of eastern continental Greece. It is characterized by a uniform amount of
precipitations during the year, with high intensity which leads to the loss of big quantities of water, through the
surface runoff. :

The meteorological conditions in Athens according to National Observatory Institute of Athens for the
period 1931 to 1992 are the following: The mean high precipitation yearly is about 393 mm, while the minimum
and maximum precipitation high yearly varies from 370 to 1100 mm. The most intensive rainfalls, with intensity
3,6 mm/day, happen during the period from September to January and particularly during November. During
November take place rainfalls with average value intensity of 6,7 mm/rainday. Oppositely, for the rest of the
months the intensity is less than 3,6 mm/rainday.

3. DATA USED - PREPROCESSING
-Digital Elevation Model

The starting point for this study has been the DEM of the area under consideration. In order to create the
DEM, the elevation data have been extracted from the 1:50000 scale topographic maps published by the Hellenic
Army Geographical Service. The elevation data has been captured by digitizing the contour lines with an equidis-
tance of 10-20 meters in the plain and 40 meters in the highland. Additionally, surface-specific points elevations,
including high and low points, have been digitized in order to improve the final digital product. The gridding
interpolation method was applied in order to generate the DEM. Also an adaptive smoothing algorithm has been
used allowing the local slope-dependent errors in order to be associate with the finite difference representation.
Furthermore, an adaptive surface roughness penalty minimizes the profile curvature.

The obtained resolution of the DEM was 25m/pixel. In order to verify its fidelity, the digital elevation model
has been again plotted in a 1:50000 scale contour map, by interpolating the elevation values and overlapping them
onto the original topographic map, showing thus a very good correspondence of the contour lines.

-Multispectral and high resolution Satellite data

Two Landsat multispectral image segments (free of clouds) have been used covering the study area with the
following characteristics:
i. Landsat TM 7 spectral bands, dated 26-7-84
ii. Landsat ETM 7 spectral bands, dated 6-8-99
ili. A high-resolution panchromatic subscene of the Indian Satellite IRS-1C, dated 10-10-99 with less than 10% of
cloud cover.
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-Preprocessing-Registration

First the panchromatic image of IRS-1C was geometrically corrected utilizing 68 control points well distrib-
uted with a few points scattered over the study area. The projection system that has been used in order to
georeference the image was the EGSA'87 and then the nearest neighbor method for resampling a spatial reso-
lution of 5 m/pixel has assigned. Next step was the geometric correction and co-registration of the two Landsat
images using as reference source data the already georeferenced IRS-1C panchromatic image. with an error of
less than one pixel and spatial resolution of 25 m/pixel for both Landsat images.

-Data Processing and analysis

The basins of the area were calculated automatically from the DEM using as minimum area the 2500 cells, in
a second step some of the selected basins have been unified. The properties for each of the basins have been
stored in an attribute table with the following fields containing the numeric information (table 1):

a) id, the identification number for each basin, b) Basin area, that is the area draining to catchment’s outlet,
with runoff volume significance, ¢) Perimeter of the basin, d) Flow length distance, ¢) Mean stream flow length,
determining, with the previous parameter, the stream sinuosity, f) Mean elevation, the mean basin elevation in
meters above the sea level with significance about climate, vegetation, and potential energy, g) Mean slope, with
significance about overland water flow velocity, geomorphology etc.

The above parameters and their significance constitute the primary attributes in order to describe the mor-
phometry, catchments position and surface attributes of hillslopes. In total 10 basins have been discriminated on
the slope facing Athens city (fig.1). The result has been evaluated by overlapping the boundaries of these basins
on the DEM. The result is good and the only negative aspect of the automatic discrimination is the existence of
small parts of the DEM that have not been classified in a basin.

Table 1. The data attribute table, containing information regarding the hydrological and morphological charac-
teristics of the recognized basins.

Basin-id Basin Perimeter Mean flow | Mean stream Mean Mean slope
area distance length elevation (%)
5 13159050 | 21250 4683 1170 324.14 10.187
8 6651250 20450 7892 5439 425.58 14.367
g 6727500 17950 7398 4938 471.57 16.709
10 5163750 12100 4077 693 345.77 14.468
14 1500000 8800 3617 25 380.09 16.137
16 6753125 17500 6287 2152 310.70 16.330
19 9606250 19450 6054 2538 292.90 14.480
23 5961250 13500 5552 1325 117.95 9.070
25 2260000 14150 5434 2034 217.80 11.098
28 2868750 13800 4930 2051 68.86 7.029

This computation problem probably is due to the limited capability of the system to insert and classify small
areas which are less than the predefine numbers of cells. An attribute table accompanies the graphic map of the
basins, showing the fields which correspond to the hydrological and morphological information.

4. SATELLITE DATA PROCESSING AND ANALYSIS

The principal components transformation is a redundancy reduction technique that generates a new set of
eight variables (components), starting from the original bands, with which to describe multispectral remote
sensing data (Richards, 1994). According to the fact that the first component contains more of the variance in
the data, the second contains the next major portion of variance etc. Additionally, their principal component
axes correspond to uncorrelated data so it could be used as a data transform to enhance areas of local changes
in multitemporal multispectral images (Fung and Le Drew, 1987).

From the registered Landsat subscenes the first four bands, of both dates, have been selected, in total 8
bands, from which a new set of eight principal components have been generated. The first component corre-
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Fig.1. The automatically discriminated basins in the east facing slope of Hymittos Mt. In the image are also
recognized the two areas not included in a basin, and with circles the starting point of the fires that affected the
area the last 15 years.

sponds to the brightness image (information concerning topography) while the rest of the components contain

spectral information related to the surficial changes that took place during the time separation of the two im-

ages. The burned areas (old and new) are shown in the PC2, PC3 and PC4 as darker or slightly lighter than the

average of the image. The built up areas are well discriminated from the non-built up areas mainly in the PC4
and secondary in the PC2. The revegetation is shown as bright pixels in the PC3 image mainly along streams of

Hymittos and the new green-zones in the build-up shell. The last four PC’s contains a small amount of informa-

tion relative to other applications and “noise”.

a) A composite image has been created using PC3, PC2 and PC4 components, This shows the burned areas of
different times of occurrence as dark gray, urban areas as medium gray and light gray for mixed areas, build-
up and vegetated areas (fig. 2a).

b) Using the third and forth bands of both dates Landsat images the NDVI images have been created. By
creating a layer stack of the two NDVI images a new change detection image was generated (fig. 2b), in
which the dark gray levels represent the deforested areas while medium gray the reforestation during the
period 1984-1999, and the light gray the unchanging vegetated land-cover.

¢) From the IRS-1C PAN the building blocks, the main streets parallel to the outlet of the basin and the streams
crossing the city have been recognized and have digitized on screen (fig. 2c).

5. RESULTS-DISCUSSION

The polygons corresponding to the basins were transferred from ArcView to ERDAS and converted into
raster format. In this form have been used as a mask in order to crop the initial images into basin extension images.
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Fig.2. The composite image using PC3, PC2, PC4 in gray scale (a), the NDVI layer stack image using NDVI84
and NDVI99 (b), the IRS-1C Pan image with Sm/pixel of resolution (c).

By incorporating all the above processed data, three characteristic basins have been chosen taking into
account the crucial parameters which can affect the flash flow hazard and the related hazard changing:

Basin 5

Basin 5 is located at the northwestern part of Hymittos Mt. close to the Zografou and Papagou districts (fig. 3).

The large size of the basin especially when the rainfall event covers part of it, diminishes the flash flood risk.
In addition, the high value of the ratio of Mean flow distance to Mean stream length (showing a relative high
sinuosity) and the small value of mean slope, show a low susceptibility in flash flood conditions. Oppositely, the
fact that the urban area covers almost the half of the basin, constitute a disadvantage because reduces the
infiltration of the rainfall and increases the direct surface runoff. This creates problems especially in the down-
stream part of the basin where the urban cover is located.

The interpretation of basin 5 shows that the experienced changes were located mainly to the eastern part.
The basic changes occurred in the construction of Attica highway and in small expansion of building shell to the
eastern part of the city. The natural vegetation cover at the uppermost hills has not changed during the last 15
years. Also, it is obvious that the revegetation occurs mainly along the streams and in some small regions inside
the urban area (small parks).

The main streets in the urban area are parallel with the drainage network (figure 3c) contributing to the
stormwater runoff. Conversely, Attica highway constructed perpendicular to the drainage flow direction block-
ing in that way the channels. For this reason flood controls and efficient sewers construction are needed.

Generally, all the above parameters lead to the conclusion that in basin 5, the last 15 years, hazard has
remained stable. Thereupon, is not expected any aggravation to the flash flood events.

Basin 16

Basin 16 is located at the middle part of Hymittos Mt. close to the northern part of Elliniko district (Fig.4).
This basin is characterized as a small size area, with a small value of the ratio of Mean flow distance to Mean
stream length (showing a relative low sinuosity) and steep slopes (16,3%). These characteristics indicate a high
susceptibility in flash flood events. Another characteristic of the basin is that only a small part of it is covered by
the urban “impermeable” area and thus decreases the direct surface runoff. On the contrary, the small size of

this basin, the narrow mountain shape and the crucial parameter concerning the pointing of the build-up area
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Basin Area 13159050
Perimeter: 21250

Mean Flow distance: 4683
Mean stream flow length: 1170
Mean elevation: 324.14

Mean slope: 10.187

Figure 3. Basin 5. The grayscale composite image using PC3, PC2, PC4 (a), the NDVI layer stack image using
NDVI84 and NDVI99 (b), the IRS-1C Pan image (c).

exactly at the outlet of the basin (hence, receiving a big volume of rain water from all the watershed in a very
small span) revoke the above advantage.

In this basin, fire events in the last 15 years have led to a very intense deforestation located in the north and
northeastern uppermost parts. The building shell expansion appears in very small areas and vegetation regrowth
appears vigorous mainly along the streams. Furthermore, the direction of the main streets of the city is parallel
with the basin’s outlet so the flash flow is with increased velocity.

The above analysis shows that basin 16 has undergone dramatic deforestation changes over the past 15
years. This extensive deforestation and urban expansion will affect soil structure and reduce infiltration rates
and water storage, hence, will increase accordingly the runoff volumes and suspended solids loads.

Considering the above parameters an aggravation of flood hazard was estimated. Taking into account this
clement and the present high susceptibility can conclude that the basin can be classified as a high-risk area for
dangerous flash flood events.

Basin 19

Basin 19 is located at the southern part of Hymittos Mt. close at the southern area of Elliniko district.

This basin is relatively big with steep slopes and with a small value of the ratio of Mean flow distance to
Mean stream length (have very low sinuosity, creating high velocity of rainwater surface runoff).

The major changes pointed in the urban expansion are located mainly to the eastern part of the city (the
black zone in figure 5a). Additionally, the revegetation along the main streams was significant.

[tis clear that the bigger part of the basin covered by the urban shell, minimizes the infiltration rate. Simul-
taneously, the main streets do not fit with the flow direction of the streams that drain in the basin. These two
parameters increase the surface runoff and change the channel morphology and transmissibility. These compo-
nents lead to the hazard aggravation during the study period increasing the susceptibility of basin 19 to flash
flood events,

6. CONCLUSIONS

¢ The combination of remote sensing and GIS techniques is a helpful tool for the detection of land use pat-
terns changes over time in relation to economic, social and environmental factors. Understanding the nature
of changes in the environment, in both natural and anthropogenic environment, is an essential knowledge to
facilitate proper planning, management and regulation for natural risk management.

e -Satellite data of high spatial and spectral resolution could be used but an additional effort should be done in
order to improve the operation ability of this type of data.

e In this application considerable changes in land use were recorded in Hymittos Mt. during the period 1984-
1999. According to these changes the flash flood hazard for this period was estimated concluding that there
were different levels of aggravation for each basin.
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Basin Area: 6753125
Perimeter: 17500

Mean Flow distance: 6287
Mean stream flow length: 2152
Mean elevation: 310.70

Mean slope: 16.330

Figure 4. Basin 16. The grayscale composite image using PC3, PC2, PC4 (a), the NDVI layer stack image using
NDVI84 and NDVI99 (b), the IRS-1C Pan image (c).

Basin Area: 9606250
Perimeter: 19450

Mean Flow distance: 6054
Mean stream flow length: 2539
Mean elevation: 292.90

Mean slope: 14.480

Figure 5. Basin 19, The grayscale composite image using PC3, PC2, PC4 (a), the NDVI layer stack image using
NDVI84 and NDVI99 (b), the IRS-1C Pan image (c).
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